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except a few observational details. 


the Sun. 


ent planes. 








During the present year, cometary study, both written and 
objective, has been so much popularized that little can be added 


Halley’s famous apparition in the western sky, towards the 
end of January and the beginning of February, as a round 
nebulous object with a faint nucleus, was visually unimpressive, 
but the possibilities enclosed, gave even its dimness, a surpass- 
ing interest. It was then in the constellation of the Fishes. 
Decreasing altitude soon ended investigation of this first phase 
and on the 24th of March, it had passed to the opposite side 
of the solar system being about 72 millions of miles beyond 


As its motion is retrograde and moreover, at perihelion has 
nearly double the speed of our planet, the two bodies were then 
known to be approaching each other rapidly though in differ- 


Probably at no stage of the observations was interest more 
intense than when, after weeks of unseen development where 
solar influence is strongest, it was sought for in the eastern 
morning sky. What would be the entangled results of gravi- 
tation offset by pressure of light and meteoric collision ata 
distance of 56 millions of miles from the great source of light, 
heat and attraction? Inthe small hours of the morning from 
April the 9th to 27th the writer was one of the many who 
probably searched persistently, subject to the disadvantages of 
a sea level atmoshhere. At favorable altitudes a tail of several 
degrees had been announced, and cn the clear morning of April 
the 28th at 4:25, an opera glass revealed the wanderer still in 
the constellation of the Fishes. It had lustre just sufficient to 
outshine the first faint glow of daybreak. It was hazy, tailed, 
but less in dimensions than Daniel comet d of August, 1907, 
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which was also dimmed by approaching dawn. Is this then 
the perihelion aspect of the long anticipated comet that gleamed 
in earthly skies before the Christian Era, and now for the 
thirtieth time wakes the interest of human intelligence? This 
was the first thought, but disappointment was repressed as 
cometary ways are peculiar; and the head was telescopically 
observed with due attention and expectancy. The nucleus was 
not starlike, but had distinct dimensions resembling in tint, 
the dull sheen of Saturn; while, lacking planetary sharpness of 
outline, it blended with the coma. In the structure of the head, 
a streaked aspect was noticeable, especially on the northwest 
side which corresponds with the commencement of the tail 
rather than the coma. On May the first the tail had increased 
several degrees in length, was straight, narrow, even in width 
and seemed less bright adjacent to the head than some distance 
more central. It left an impression of alternate cross sections 
of light and dark grey tint as it projected almost upright from 
the eastern hills. When next seen on May the 7th the develop- 
ment was marvelous. A grey lustrous tail widening consider- 
ably from the head, extended to about 20 degrees upward. 
In some measure, the increased dimensions were due to the 
earlier hour at which it was discernible and the absence of 
moonlight. Owing to the kindness and hospitality of Director 
and Mrs..Campbell, the next view was obtained at the Lick 
Observatory on the morning of May the 11th. This meant 
greeting the historic visitor under the best possible conditions 
on earth, for no telescope at sea level can compare with the 
36-inch of Mt. Hamilton when the atmosphere is exceptionally 
clear. Past 3 a. M. the darkness of midnight still lingered over- 
head, the stars and the Milky Way gleamed brilliantly, and the 
comet, slanting upwards from the eastern horizon seemed fully 
forty degrees in length. Viewed thus from a standpoint nearly 
a mile above the vapor laden air of the cities, the head about 
ten degrees lower in altitude than Gamma Pegasi was large 
and distinct the sides sharply outlined and the tail clearly 
traceable to a few degrees northeast of Eta in the pitcher of 
Aquarius. More noticeable was the absence of the steel grey 
tint, for now it had a golden lustre that recalled the beautiful 
but much smaller comet of 1881. It differed from the silvery 
light of the brightest sections of the Milky Way then athwart 
towards the zenith, and perhaps the lunar crescent viewed 
through hazy but cloudless air would give a good idea of its 
yellowish hue. In form and length it recalled the great comet 
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of 1882. Next came the important and highly valued view 
through the great lens. Telescopic observation is often more 
a mental than a visual pleasure, and the writer regards the 
first view obtained of Phobos, the inner Martian Moon (so 
faint that Mars had to be screened to render it at all visible) 
as one of the memorable events of her life. Likewise, the head 
of the long heralded traveler was an object of thrilling interest. 
It nearly filled the field of view, was more elaborately striated 
than in the smaller instrument, and truly, was a strange object, 
grey, shaggy and irregular in outline. 

The nucleus, that high functionary of comet development, 
was non-starlike, lightsome but not radiant, and woke the 
earnest attention due an important observation taken for the 
first and last time. 

The photographic skill of Mr. Curtis of the Lick Observatory 
has had opportune and valuable scope in picturing the true for- 
mation of this historic cometary member of the solar system. 
Many of his choice positives show not only what was visible, 
but dark rifts and extensions for which telescopic research is 
unavailable. 

To Professor George Davidson of the University of California, 
I am indebted for the name and observations of one of the few 
persons still living who viewed this great comet on its sunward 
visit in 1835. Mr. Charles H. Cramp, a famous shipbuilder of 
Philadelphia, also many years ago an observer in the Magnetic 
Observatory of Grail College, in early boyhood, watched its 
changes night after night with his father as it became visible 
in the southwest. It had a western curve and formed an 
angle of 45 degrees with the horizon. 

According to the few meagre accounts that have appeared of 
its sunward visit in 1835 the greatest development preceded 
perihelion passage, whereas on this occasion it took place from 
20 to 25 days later. Though even the naked eye view I ob- 
tained at the Lick Observatory far surpassed those obtained 
elsewhere in distinctness and lustre, the length of the tail in- 
creased rapidly during the days following, and on the 15th and 
16th it was easily traced to about two-thirds the distance of 
the horizon from the zenith. On the latter dates, its steel 
grey outlines were dimmed by the approach of dawn before 
the head was discernible in the east. In San Francisco, the 
sky was completely clouded on the 18th of May, and the next 
view was obtained on Tamalpais, a neighboring mountain 
with an altitude of more than 2000 feet. Here above the be- 
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fogged cities and plains, it was again viewed in the western 
evening sky, May the 23rd, five days after its more or less 
direct transit between Earth and Sun. The head, now west- 
ward, was about a degree and a half east of Beta Cancri while 
the tail was easily traceable to Tau Leonis, which denoted a 
length of 45 degrees. This estimate was made during the total 
phase of. the lunar eclipse which occurred between 9 and 10 p.m. 
in this longitude. The gradual decline that set in before the 
end of May, but chiefly in June, was noted every clear night 
until the 30th of the latter month when it was discernible 
with an opera glass as a tailless nebulous object among the 
faint stars in Leo. 





SCHIAPARELLI. 


PERCIVAL LOWELL. 





At the request of the Editor ot Popular Astronomy I have 
tried to sketch the life of one of the greatest men of the last 
century who came with us, emeritus, a decade into the new, 
Jeaving us but a month ago. Biography is neither my prac- 
tice nor my pastime and I have undertaken this exception 
merely from aflection and regard for one about whom too 
much cannot be said. 


‘‘Autobiography is what biography ought to be,’’ Longfellow 
is credited with saying and the remark savors as much of wis- 
dom as of wit. Not only does a man know more about him- 
self than about anyone else but to every man’s writing clings 
an aura of illuminating personality, whether he will or no. 
Even its seeming absence at times proves the rule. For a 
dry-as-dust recorder is so because of being himself matter of 
fact. 

Failing what ought to be, the next best thing is to write 
what usually misses getting written, the scenes behind the 
scenes, which is what we most want to know. The wish 
springs not only from curiosity to learn something new but 
from the scientific desire to get at the reason for the result. 
This is particularly the case when the subject is a genius. In 
the career of such an one the greatest event is his advent. 
The fact that he was, is the most important fact about him. 
Anything which throws light upon that self is thus not only 
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germane but germinal to our understanding of his life’s work. 

Thought speaks to thought, querying the workings behind 
the work. Because Balsac was the first French stylist of his 
day we are pricked at once to discover why. In what did he 
differ that he thus surpassed the rest. To say that he was 
born su is to beg the question. .Poeta nascitur, non fit; true, 
but poems in the making need many rebirths. The man is 
born, but his work must be fashioned. In Balsac’s case, which 
is typical, we have been given the clue. His biographer, with 
an instinct singular in such historians, has imparted the secret 
by narrating at first hand certain intimacies which usually 
get. suppressed. ‘‘I labor,’’ Balsac said to him, ‘“‘sixteen hours 
out of the twenty-four on my wretched style and when all is 
done I am not content.’’ So then natural diamonds did not 
satisfy him; he must cut and polish them till they shone. 

In science, as in literature, the secrets we would fain surprise 
are the qualities and methods that forced success. When we 
do track them to their lair we find a singular similitude 
between them. That they prove to be forthright when diag- 
nosed emphasizes their greatness, as the grandest laws of 
nature are the simplest when found. A genius may perhaps 
be defined as a man of uncommon conceptions who tests them 
with indefatigable common sense. To this category belongs 
the great Italian who has just left us for the company of the 
immortals. 

Giovanni Virginio Schiaparelli was born in the little town 
of Savigliano in the foothills of Piedmont on March 14, 1835. 
After passing through the gymnasium and lyceum of his birth- 
place he entered the University of Turin in 1850, where he 
studied under the astronomer-mathematician, Plana, known 
for his researches on the lunar theory, and was graduated in 
1854 in engineering and architecture. That he was to find his 
field for engineering on another planet and apply his technique 
to the architecture of the universe he little dreamed when he 
gave up both subjects for astronomy, to which he felt himself 
irresistably drawn. Aided pecuniarily by the government of 
Sardinia he set out for Germany in 1857, where he attended 
for two years the lectures of Encke, whose name is associated 
with that of the comet to which he gave it. In 1859 he went 
to Russia as assistant at the Pulkowa Observatory; but on 


the formation of the kingdom of Italy the following year, he 
was recalled to become assistant under Carlini at the Brera 


Observatory of Milan. A year had not passed before he be- 
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came known by his discovery of the minor planet Hesperia, 
the sixty-ninth of the asteroids. To discover a new asteroid 
then meant a painstaking search. This probably led to his 
promotion, on the death of Carlini in September 1862, to the 
post of director of the observatory, a position he held for 
thirty-eight years. 

His ability was not long in making itself felt. In 1866 there 
appeared a series of letters addressed to Father Secchi and 
published in the bull/etins of the Observatory at Rome relating 
to a subject then in the air and which had engaged his study 
as it had that of many others just then, the relation of comets 
and meteors. In these really striking papers he brought out 
several points seriatim tending to one conclusion: the original 
identity of these two classes of bodies. He showed first that 
meteors when they enter the Earth’s atmosphere, are moving 
with speeds surpassing hers and that in consequence they must 
pursue paths that take them to much greater distances from 
the Sun along more excentric orbits. Furthermore that these 
orbits are tilted at all angles and lastly that they may be 
travelled indifferently in either sense. In all these character- 
istics meteors resemble comets. He next inferred for both an 
origin in outer space from the depths of which the Sun drew 
them to visit him and that by the restraining pull of a planet 
they were sometimes naturalized into the solar system. This 
same pull he showed was also capable of disintegrating a 
cometary mass by the difference of its effects upon the nearer 
and farther parts. Finally as a crowning argument of their 
pristine oneness he brought out the similarity of path of the 
Perseids, or August meteors, and of the comet of August 1862. 

Pursuant of the same general subject he showed in 1871 by 
a mathematical investigation the fallacy in Laplace’s treatment 
of the subject due to neglect of the Sun’s motion, and his con- 
clusion that comets are visitors from other stars, by demon- 
strating that in such case there should be marked hyperbolic 
orbits among them, none of which exist.* 


— 


* Laplace’s fallacy did not depend solely on neglect of the Sun’s motion 
through space as commonly stated. (Vide Mrs. Clerke’s History of Astronomy 
4th Ed. page 370.) Decided hyperbolas would exist among the orbits of 
comets, did these come to us from the stars, even if the Sun were at rest. 
Indeed they would all be hyperbolic to some extent. His motion would 
simply make them so, even if the obliging comets were only waiting to be 
picked up. 

As early as 1815 Gauss had shown one error in Laplace’s treatment 
of the subject, to wit; that he had changed his variables in the course of his 
analysis and introduced them into his series without discovering that so 
transformed, the series was no longer convergent. 
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The mundane result of these researches was his instant leap 
into fame, learned societies with one accord doing him. honor. 
The consensus of astronomic opinion was probably well voiced 
by Lassell, then President of the Royal Astronomical Society, 
who, concomitantly with the award to him of the Society’s 
gold medal, said of his labors, “It appears to me that we 
can scarcely speak of them too highly or overrate their 
importance’’. 

Deserved as such recognition was, it is an amusing satire on 
the value of contemporary opinion that this work, the only 
one in a long series of remarkable discoveries to gain imme- 
diate applause, was not only the least original but the least 
good of any he ever performed. To begin with, the idea was 
not really new, Professor Kirkwood having suggested in 1861 
not only the constitutional identity of comets and meteoric 
streams but the origin of the one in the dismemberment of 
the other. As he buried his idea still-born in the Danville 
Quarterly Review, it may well have been unknown to Schiaparelli 
but it should not have escaped the notice of the astronomical 
world and in fact did not doso wholly, as it was eventually 
republished in Nature. Secondly, while he deserved great credit 
for attacking the problem, his investigation of the disintegrat- 
ing effect of a planet or the Sun upon a cometary mass pass- 
ing near such a body was faulty, in that he solved it as if it 
were a question in statics instead of one in kinematics, with 
the result that he obtained a value % too large, as Charlier 
and Luc Picard’s work subsequently showed. Callandreau 
further improved upon this, obtaining the solution for an 
elliptical trajectory of small eccentricity. No one, to our 
knowledge, has yet solved the problem for the actual case,’ 
that of a practically parabolic orbit. 

We have gone into these earlier labors of Schiaparelli thus 
in detail the better to bring into relief his succeeding ones. 
We have no wish to draw attention to mistakes per se. Every- 
one makes mistakes; although, on once uttering this platitude 
to an eminent astronomer of distinguished mediocrity who had 
perpetrated more than his share, we were hastily assured that 
such was not the case, in which infallibility the speaker, of 
course, was included. Nor is it that the work was not well 
worthy of all the honor it received. We have merely designed 
to point out in connection with what is to follow how essen- 
tial to instant recognition it is, that information should be 
graded to one’s audience, lest like the boy mathematician at 
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school, one be reprimanded for giving a proof not in the book, 
its correctness merely aggravating the offense. Comprehension 
of one’s contemporaries is fatal. Mayer, the first propounder 
of the conservation of energy, died of a broken heart from 
failure of recognition and Helmholtz its second, in complete 
ignorance of the first, so flat had the idea fallen, was refused 
publication by the leading Berlin physical periodical of the time. 
And the principle of the conservation of energy is today unan- 
imously spoken of as the greatest scientific advance of the 
nineteenth century! But to suppose that modern scientists 
are going to profit by the errors of their predecessors is to 
betray a very simple appreciation of human nature. The con- 
solation to the philosopher is that if his work be true, the 
longer recognition is withheld, the greater will it be in the end. 

Timeliness is of the essence of success. To discover a thing 
too early is as disastrous to company in it as to find it too 
late. The psychologic moment is when the general worker has 
himself reached the threshold of the matter and is prepared to 
have the door opened in front of him. To open the door 
when he is too far off merely discloses a seeming darkness 
within. Now at the time of Schiaparelli’s study of meteors 
and comets the subject was in the air. The idea, as we have 
seen, had not only been broached some time before but its 
details sketched. Many minds were intent upon it. When, 
therefore, Schiaparelli brought out the seeming identity of 
path of the August meteors and of the comet of 1862, and a 
year later Peters and then Schiaparelli showed a similar one 
between the November swarm and Temple’s comet of 1866, the 
world threw up his hat at the startling co-incidence. Brilliant 
the detection was, but the very world that received it with 
acclaim would have been the first to point out the insufficiency 
of the proof, had it not been prepared to believe it. Education 
had whetted general perception to a point of absolute 
inteligence. 

Very different was it with the work upon which he entered 
a decade later, his remarkable series of discoveries on the plan- 
ets. In these he was not only fifty years in advance of his 
day but he ran counter to all the orthodox belief of his time. 
Yet here, as we shall see in narrating them, he was not simply 
wonderfully original but his work has been found almost in- 
conceivably correct by those who have advanced since along 


like lines and who from study are alone qualified to express 
an opinion. 
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It was here that the genius of the man shone forth; one 
characteristic of it stamping it with the hallmark of greatness 
at once. Visual discoveries in astronomy come under two 
heads: those which have stood indebted to increased appliances 
and those which have depended on the man himself. Asa 
striking example of the former class we may take the chron- 
icling of new satellites. The circumstances attending all such 
detections of hitherto unperceived members of the solar family 
are significant of their occasioning. Thus the satellites of Mars 
were discovered with the largest, most recent refractor at the 
time. The fifth satellite of Jupiter was similarly found with 
the then newest and largest glass. The enrolment of those 
since detected by photography followed upon the development 
of that fresh advance in celestial art. In each instance the 
optical improvement preceded the discovery. That these sat- 
ellites can now be seen with much smaller lenses than affected 
their discovery does not invalidate the importance of the in- 
strument used to their original detection: for, as is well known, 
a smaller aperture will show what it could never have dis- 
covered. Such necessity of coadjutor does not detract from 
the merit of finding them but it proves unmistakably that the 
instrument was far more in the matter than the man. 

Quite otherwise was it with the planetary discoveries of 
Schiaparelli. To no increased instrument, to no improved 
appliances did they stand beholden. He lacked even what 


could be called average facilities. The 8%-inch glass with 
which all his greatest discoveries were made was notably 
smaller than that of the big observatories of his day. Indeed, 


it was such as most observers would have deemed too small 
even for routine work, quite hopeless for original discovery. 
That in reality it was not so unsuited to the object as was 
thought, hardly detracts from Schiaparelli’s merit inasmuch 
as scores of observatories were at the time equally or better 
equipped, had they but suspected the fact. 

It was in 1877 that he first turned his attention to the plan- 
ets, the immediate incentive being the close approach of Mars 
to the Earth on that occasion. That he set out to make a 
carefully triangulated map of that planet’s markings was the 
cause of his discovery of the famous ‘canals’. It is the custom 
to attribute this detection to remarkable acuteness of vision. 
Much study of the phenomenon has convinced us that this 
statement is misleading. Remarkable as his vision was, it was 
rather to brainsight than to eyesight that the result was due. 
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He perceived what he saw, which is where most persons fail. 
For though that opposition was not a favorable time to see 
them, they are nevertheless not impossibly difficult even on 
such occasions, when attention is directed to them and are 
absurdly easy at others. The reader should remember that the 
skepticism he hears about them comes either from people who 
have never looked or from those who looked under unfavor- 
able conditions and usually with determination not to see. 
How facile it is under such circumstances to miss or distort a 
perfectly patent object, Munsterberg’s psychologic studies in 
‘evidence’, show. His book is adelightfulstudy and will convince 
anyone how an untrained majority of observers, especially if 
so predisposed, can see wrong. A person is much less liable 
to error when attention has been sharpened by study and 
practice; otherwise there would be no such thing as discovery 
at all. One of the most astounding exhibitions of the effect 
of a preconceived opinion has been the reception, or rather 
non-reception accorded Schiaparelli’s planetary work by a 
certain class of doubters. The public has been gravely informed, 
as the result of psychologic principles half-understood and one- 
sidedly applied, that the outcome of his trained and prolonged 
studies is illusory, while the dictum of the inexperienced tyro 
is unquestionably correct. This doctrine proves too much for 
its own contention. If in one case we are to take as final the 
verdict of the scientific man in the street, so we must in others 
and all the advances of modern science fall to the ground. It 
has been amply shown, for instance, that atmosphere and aper- 
ture are interrelated factors of vital importance to planetary 
detection; so sceptics neglect them. Which is as if we should 
seek for Crookes’ effects without exhausting the air from the 
tubes, and then not finding them, deny their reality. In this 
manner any self-constituted judge has only to make a few 
cursory investigations under unfit conditions to disprove any- 
thing and be unhesitatingly believed. 

Having been vouchsafed an initial hint of something new 
Schiaparelli, after the manner of those who succeed, proceeded 
to follow up the clue, while at the same time testing the phe- 
nomenon in every possible way. The thoroughness with which 
he did this should have torestalled scientific criticism of the 
fact’s objectivity. He varied his instruments aed his methods 
to see if by any possibility he could have been deceived, his 
senses to the contrary notwithstanding; only to make more 
certain his first detection. 
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He next devised aids to the phenomenon’s still better showing. 
To him is due the intervention of a colored screen, by which 
the obstructing glare is reduced toa bettering, all but magical, 
of the image. Indeed this glare which cannot be got rid of 
effectively by simple magnification as usually practised, owing 
to the consequent loss of definition, is probably more responsi- 
ble than any other factor for the phenomena having so long 
lain hid. It sounds so simple anyone might have thought of 
it successfully, only no one did. Lastly he brought to the task 
consecutive systematic study, the results of which are always 
surprising. At opposition after opposition he scanned the planet 
not only to corroboration but to unsuspected extension of its 
surface peculiarities. No one was more surprised at the revela- 
tion that ensued than Schiaparelli. 

Having had such unbelievable disclosures on Mars, he next 
turned his attention to Mercury. Up to that time absolutely 
nothing was known of Mercury except that it was the inner- 
most of all the planets. This was not due to any want of 
attention. Mercury had been scanned over and over again 
but with no result, unless suspicions which we now know to 
erroneous can be considered a result. The very unsatisfactori 
ness induced Schiaparelli to attack the problem, undetered by 
his predecessor’s failures. But to do so with any chance of 
success he realized that he must discover some new way. He 
therefore determined to try observation at an hour hitherto 
thought out of the question, that of high noon. The result 
was another revelation comparable quite with that on Mars. 
The advantages of altitude above the horizon proved to more 
than make up for the suppused disadvantages of day. So 
scanned, markings stood out upon the planet’s disk with such 
certainty as to disclose a previously undreamt-of possibility: 
that Mercury turned always the same face to the Sun. The 
time chosen proved the open sesame to knowledge. To one 
who has not tried it, it is quite inconceivable how the key fits. 
Scrutinized as it culminates, it is astonishing how Mercury’s 
surface stands exposed to view. 

The mere detection of markings, however, was but the be- 
ginning of his work. To learn what they had to tell, he kept 
at this study hour after hour, day after day, month after 
month. It was to such taking of infinite pains that Mercury 
yielded up his secret of isochronous rotation and revolution. 
This disclosure was no whit less important nor less revolu- 
tionary to previously entertained ideas than that on Mars. 
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Also for like reasons was it long looked at askance. 

Venus was the third object of his endeavor to decipher the 
hitherto undecipherable. For all her seeming display Venus 
hides herself, more completely than any other planet from 
human view. In consequence Schiaparelli began by an exhaus- 
tive critical study of the works of his predecessors on the 
subject; Schroeter, de Vico and others. He convinced himself 
that their observations were not sufficiently definite to war- 
rant their conclusion that Venus’ day was about twenty-four 
hours. On the contrary they could better be reconciled with a 
very different turning of her globe. At the same time his own 
observations showed him markings, difficultly visible to be 
sure but unalterable from day to day. This very unchangable- 
ness of position on the planet’s face explained the deductions 
of previous observers. For they had scrutinized her at about 
the same hour evening after evening and detecting little or no 
apparent alteration had concluded that a rotation roughly 
co-incident with our own was responsible. To solve the ques- 
tion Schiaparelli had recourse to the same method he had 
employed so advantageously with Mercury. He investigated 
her under the searching light of day and saw her disclosed to 
scientific curiosity. Her own atmospheric mantle added to 
ours still shielded her from full exposure to prying mundane 
eyes. Nevertheless he perceived enough to convince him that 
she, too, turned always the same face to her solar Lord and 
Ruler. Considering how extremely illusive Venus is, Schiapa- 
relli’s detection was little short of marvelous. It speaks alike 
for his acute vision, his great persistency and his keen sagacity 
in interpreting what he saw. 

In all three of these great discoveries it will be noticed that 
Schiaparelli attacked problems which had already been given 
over as solved or unsolvable and that he forced secrets from 
nature which she had long successfully hid. The work he set 
himself was the hardest task man can envisage. To find new 
facts in a virgin field is a relatively easy matter compared 
to unearthing them in a soil supposed already exhaustively 
plowed. 

But herein lies the trait which distinguishes genius from 
mediocrity: it takes nothing on trust, least of all blind acqui- 
escence on the status quo. This distinction is fundamental. 
The reason for it is inherent in the subjects themselves. The 
environment of the moment suits mediocrity and for the best 
of reasons, adaptation. They are its creatures and its con- 
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geniality is but the unrecognized recognition of such shaping 
cause. Their worship of the status quo is commendable if 
not compulsory. With an original mind the condition is just 
the contrary. The genius is the mutation of the species, the 
forerunner of what humanity is to become, the ugly duckling 
destined to a breed of swans. His very diversity causes con- 
ventionality to view him with aversion, a disfavor never fore- 
gone till the originality of today has become the commonplace 
of tomorrow. 

Unwittingly the world pays to its pioneer minds the tribute 
of distrust. To nescience the advances of science are distaste- 
ful in proportion as they are correct; in accordance with the 
common-law maxim, the greater the truth, the greater the 
libel. No one likes his beliefs overthrown nor what he thought 
he knew upset, and the louder the outcry the more symtomic 
is it of defeat. To another point about such discoveries, the 
balking at acceptance bears equal testimony: their importance. 
Unimportant matters we let pass, their correctness or falsity 
affecting us but indifferently. Thus strong denunciation evi- 
dences both the truth and the importance of the thing con- 
demned, at least in the opinion of the denunciators. 

All this Schiaparelli had to endure and in addition that 
pseudo-criticism, which sounds imposing and cannot be met 
because of its immunity to reason. The scientific explorer’s 
weapons are facts; those of the sort of criticism, to which he 
was subjected, are prejudices. You cannot kill a prejudice with 
a fact any more than you can dispose of a ghost by a bullet. 
It dies a natural death with increase of education and not 
before. 

So much space we have given to Schiaparelli’s planetary 
work because it was epoch-making and by it he stands forth 
as one of the great figures in the history of astronomy. His 
work, however, was not limited to this particular field, nor in 
this particular field, to the planets we have mentioned. His 
determination of the size and flattening of Uranus is among 
the best we have. 5 

His charts of the distribution of star density according to 
magnitudes was a suggestive and valuable piece of work and 
his dissertation on the non-absorption of light in space, in 
which he showed that no such absorption could possibly 
result from the ether, is masterly. He found time besides to 
go to the literature of astronomy and his last finished work 
was on the knowledge of the heavens among the Hebrews. 
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His whole writing shows the scholar joined to the scientist 
and had we time we could give examples of how his most 
methodical studies have been poetized by the general culture 
of his early education. 

The nobility of his character matched the greatness of his 
mind. His breadth of view was mated to a most lovable 
sweetness of disposition. Never jealous, he was ever open to 
advance. His inner world embraced in his discerning ken as 
much the future as the present and the past. Even while he 
lived, his too brief day of three-score years and ten was length- 
ened beyond the compass of the ordinary life, by that quality 
of a master mind of stretching forward, which casts prefatory 
foreshadowing of its destiny to live on in the thoughts of 
others ad saecula saeculorum. Even after he had ceased per- 
sonally to produce, his interest still marched in the van of 
progress and he looked forward with perception akin to pre- 
science to those planetary disclosures sure to follow what he 
had himself gleaned, as the day with its full light succeeds the 
awakening revelations of the dawn. Nowhere did the real 
man shine out more clearly than in the letters which he wrote 
to those whose mental world was his. Appreciative, interested, 
pathetic even in their noble resignation that his work must 
now be carried on by other hands, they reveal a soul which 
we like to think of as personifying the soul of science itself, 
raised above all the belittling tendencies of man into that 
higher region where truth and the love of it live alone. 

Schiaparelli’s life was the romance of reality. Fitting was 
its drawing to a close. The eye which had peered so far be- 
yond its contemporaries, nature veiled with the coming on of 
age. Perhaps the work it had been called upon to do had tired 
it before its time, perhaps its own delicate organization set 
bounds to its endurance; whatever the cause, in the early nine- 
ties it sank as it were gently in asleep. Slowly but steadily 
it waxed less, until for astronomic purposes it grew blind. 
He could still use it a little for everyday existence but celes- 
tially considered that wonderful eye had closed. Pathetic be- 
yond expression yet poetic too was this shuting-out of heaven 
while its possessor lingered vet on Earth. It was as if he had 
survived himself or shall we say as if the twilight of life was 
not a metaphor but a fact creeping steadily over his glorious 
day before it settled forever into night. It might have been a 
fitting ending to so brilliant a career, had man’s stupidity and 
ingratitude not clouded it by unrecognition and disbelief. 
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Coming ages will see clearer but nothing can replace the con- 
fidence denied him while he lived. 

With the going out of thé century his official labors termin- 
ated too. On November 1900 he resigned his directorship of 
the Brera Observatory, a post he had held for eight and thirty 
years, and went into retirement living in winter in his house 
in the Fatebenefratelli street of Milan, in summer, at his villa 
halfway up to the Lake of Como hills. With his mind as keen 
as ever he still continued to publish, editing his later observa- 
tions of Mars and other astronomic work to the very last. 
He was comparatively well till a fortnight before his death. 
Then feeling ill he went to bed from which he never again 
was able torise. He sank slowly through that last fortnight 
and died on the morning of July 5, 1910. 

Nevermore will he scan those other worlds about which he 
learned so much, nevermore stir our world to its depths by 
truths they do not care to hear; but what he did will live as 
long as books are printed and observers read the riddles of the 
sky. Posterity will more than give him the recognition denied 
to him in life, for he began what is destined to develope into 
one of the great intellectual advances of the present century. 
As time goes on, his pioneer achievements will loom the larger 
and the ignorance and want of understanding that now ob- 
structs the view will pass into oblivion; as the mountain peak 
rises higher in proportion as we leave it, while the nearby 
hillocks that block its grandeur when close by, sink lower and 
lower out of sight. 

Flagstaff, August 19, 1910. 





GIOVANNI SCHIAPARELLI. 





HECTOR MACPHERSON JR. 





FoR POPULAR ASTRONOMY. 


Like the summer Sun slowly sinking below the horizon after 
a day of brilliance, the greatest of modern astronomers has 
passed into the Great Beyond. Giovanni Schiaparelli is dead. 
For ten years he has been in retirement, but the evening of his 
lifetime has been a glorious one, and even to the end he has 
given the world the benefit of his powerful intellect and remark- 
able gifts both as thinker and investigator. , 
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The greatest Italian astronomer of modern times was born 
at Savigliano, in Piedmont, on March 14, 1835. After elemen- 
tary education in the Gymnasium and Lyceum of his native 
town, he entered the University of Turin, in November 1850, 
as a student of engineering and architecture at the age of nf- 
teen. Here he studied under Giovani Plana, the famous math- 
ematician of the middle of the century. In 1854 he graduated 
in engineering and architecture, but he had no inclination to 
follow out either of these professions, Accordingly he deter- 
mined to devote himself to the study of astronomy for which 
he had acquired a taste. His parents were not altogether sat- 
isfied with his choice, for he was in somewhat shortened cir- 
cumstances and the profession of an astronomer did not offer 
the material benefits of that of an engineer or an architect. 
However the government of Sardinia and Piedmont, having 
come to know of the young man, gave him pecuniary assist- 
ance; a little annual subsidy enabled him to travel to Berlin, 
where for two and a half years, he studied astronomy under 
Encke. But, as he remarked some years ago ina letter to the 
present writer, ‘“‘the teaching of Encke was devoted rather to 
detail than to observation. So, in the desire of learning the 
art of observing, I succeeded in being received at the observa- 
tory of Pulkowa, where I practiced for a year.’’ Meanwhile 
the Kingdom of Sardinia had expanded into the Kingdom of 
Italy; the assistantship in Brera Observatory of Milan fell va- 
cant and the government summoned the young man from Pul- 
kowa, where he was studying with Otto Struve and Winnecke, 
to the institution which he was destined to render famous by 
his brilliant discoveries. In July 1860 exactly fifty vears before 
his death he commenced his career as an astronomer. The 
Brera Observatory was directed by Carlini, an observer little 
known in astronomical history, and even as assistant Schia- 
parelli made his name famous. On April 29, 1861 he discovered 
Hesperia, the sixty-ninth of the Asteroids. In September 1862 
the death of Carlini caused a vacancy in the post of director 
and Professor Schiaparelli was appointed to the vacancy and he 
held his post for thirty-eight years with conspicuous brilliance. 

In 1866 Schiaparelli announced his first great discovery—the 
connection between comets and meteors. In that year the at- 
tention of astronomers all over the world was directed to the 
subject by the great shower of Leonids in November of that 
year, but the Italian astronomer commenced his studies before 
the shower took place. In four remarkable letters addressed 
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to Secchi at Rome towards the end of 1866 and reproduced in 
the Bulletin of the Observatory of the Collegio Romano, he 
showed that meteors were.members of the solar system pos- 
sessed of a greater velocity than our planet and travelling in 
orbits resembling those of comets. Computing the orbit of the 
Perseids—the August meteors—he reached the astounding ccn- 
clusion that it was identical with that of the bright comet of 
August 1862. In 1867, investigating the orbit of the Leonid 
swarm, he found it to be identical with that of the taint comet 
discovered by Tempel in the end of 1805. In the case of the 
Leonid meteors this conclusion was reached independently by 
LeVerrier. 

These investigations set Schiaparelli’s philosophic mind think- 
ing on the ultimate nature of comets. He was led to regard 
comets as “‘cosmical clouds formed in space by ‘the local con- 
centration of celestial matter.’ A cosmical cloud he remarked, 
seldom penetrates to the interior of the solar system unless it 
has been transformed into a parabolic current forming in space 
a river whose transverse dimensions are very small with re- 
spect to its length; of such currents, those which are encoun- 
tered by the Earth in its annnal motion are rendered visible 
to us under the form of showers of meteors diverging trom a 
certain radiant.” 

After the shower of Andromeid meteors in November 1872, 
Schiaparelli delivered three lectures on the subject before the 
Royal Institute of Lombardy. These lectures formed the basis 
of his small book ‘‘Le Stelle Cadenti’’ (‘‘The Falling Stars’’) 
which Lockyer calls one of the greatest contributions to astron- 
omical literature which the nineteenth century produced. In 
this book Schiaparelli developed his conception of meteors to 
its full extent. .In his third chapter he wrote “The meteoric 
currents are the product of the dissolution of comets, and con- 
sist of minute particles which certain comets have abandoned 
along their orbits by reason of the disintegrating form which 
the Sun and planets exert on the rare material of which they 
are composed.’’ The dissolution of a comet, Schiaparelli says, 
is caused by the action of Sun and planets on the different par- 
ticles, thus causing the particles to move in separate orbits. 
The result as the elongation of the comet into a meteoric 
stream in the course of ages. 

These investigations rendered Schiaparelli’s name famous 
throughout the world of Science. In 1872 he received the Gold 
Medal of the Royal Astronomical Society of London and Lassell 
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then President of the Society, said of his investigations, ‘It 
appears to me that we can scarcely speak of them too highly 
or overrate their importance.’’ Mr. Denning, the eminent me- 
teoric observer, thus speaks of the investigation—‘‘The oppor- 
tunity was a remarkable one and Schiaparelli accepted it. 
Marshalling his facts in proper array he brought the skill of 
the mathematician and the reasoning of the logician to bear 
on them successively. He proved himself the man for the hour’’. 

Schiaparelli’s popular fame rested on his studies of the inner 
planets, Mercury, Venus and Mars. He had the skill of the 
observer combined with the power of the theoretical astrono- 
mer. In addition, his eyesight was of the keenest. Indeed he 
systematically regulated his habits of life so as to secure uni- 
formity of observation and perception. He took every precau- 
tion to avoid all the disturbances resulting from personal equa- 
tion and ‘“‘found it well to adopt the rule to abstain from every- 
thing which could effect the nervous system, from narcotics and 
alcohol, and especially from the abuse of coffee, which I have 
found to be exceedingly prejudicial to the accuracy of observa- 
tion.’”’ He established for himself a reputation second to none 
among contemporary observers, and the words of Newcomb 
respecting students of the planets’ surfaces are no exaggeration 
‘“‘Among the individual observers Schiaparelli may be assigned 
the first place, in view of his long continued study of the plan- 
ets under a fine Italian sky, the conscientious minuteness of 
his examinations and his eminence as an investigator.” 

In 1877 Schiaparelli commenced his famous series of observa- 
tions on Mars, which lasted over a period of thirteen years, 
until 1890, when a partial failure of eyesight compelled him to 
abandon the systematic study of the planet. Professor Lowell 
calls Schiaparelli ‘‘the Columbus of a new planetary world” 
and there is no doubt that the title is not an exaggerated one. 
Whatever be the verdict of posterity on the nature of the canals 
of Mars, the discovery will rank in the history of astronomy 
with Galileo’s detection of the satellites of Jupiter and Huyghens’ 
explanation of the rings of Saturn, among the great surprises 
of astronomical observation. In September 1877, while execut- 
ing a trigonometrical survey of the disc of Mars, he noticed 
that the reddish-ochre portions of the planet—the ‘‘continents”’ 
of the earlier maps—were cut up by numerous dark streaks, 
which he named canali, an Italian word which may be trans- 
lated “‘channels“’ or ‘“‘canals.’’ The discovery at first aroused 
scepticism just as Galileo’s detection of Jupiter’s satellites did. 
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As Lowell puts it ‘‘The world was anything but prepared for 
the revelation, and, when he announced what he had seen, 
promptly proceeded to disbelieve him.”” The year 1877 was 
also notable for Asaph Hall's detection of the satellites of Mars, 
but Schiaparelli’s sensational discovery soon eclipsed in public 
estimation that of Hall. At the opposition of 1899 the Milan 
astronomer again recognized the canals and towards the end 
of the year he was astonished one evening to find that one of 
the canals had become double—a new canal running parallel 
to the original one. The revelation was so startling that 
Schiaparelli was himself sceptical. He suspected optical illusion, 
and changed his telescopes and eyepieces. Still the duplication 
was seen and it was apparent that the phenomenon was real. 
In 1881, he noted that quite a number of the canals were 
double. At each opposition he confirmed his previous work, 
and even at the unfavorable opposition of 1888, he declared 
that the canals had all the distinctions of an engraving on 
steel with the magical beauty of a colored painting. 

Schiaparelli’s first great discovery was acclaimed at once by 
the world of Science and rewarded by the Gold Medal of the 
Royal Astronomical Society. Not so the second. For nine 
years he was the only astronomer who saw the canals and he 
was doubted on all hands, even though his skill as an observer 
was recognized. At length in 1886 Perrotin and Thollen at 
Nice observed the canals, and since that date they have been 
followed by a succession of able astronomers, chief among whom 
is Professor Lowell, whose theory of their nature is well known 
in the astronomical world. 

Fifteen years continued study of Mars led Schiaparelli to the 
following conclusions—that the planet’s climate ‘‘must resem- 
ble that of a clear day on a high mountain; that the polar 
caps were snow and ice; that the reddish-ochre portions of the 
disc were land and the blue-green areas water; and that the 
canals were waterways lined on either side by banks of vegeta- 
tion. He further showed that the changes in the appearance 
of the canals were dependent on the Martian seasons. He con- 
sistently maintained the objective reality of the canal system; 
and without committing himself definitely, stated his belief 
that the theory of their artificial origin ‘involved no impossi- 
bility.”” He had the satisfaction of seeing his discovery accepted 
and placed beyond doubt; for however astronomers may differ 
in their interpretation of the canals there is no doubt of the 
reality of the canal-system as a feature of the disc. Schiaparelli 
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founded ‘“‘aerography” as a branch of astronomy. His map-. 
ping of the planet and his system of nomenclature is now 
universally followed, no small tribute to his high place in Mar- 
tian astronomy. 

Schiaparelli’s studies of Venus and Mercury were made at 
the same time as those on Mars. The Mercury observations 
were commenced in 1881 and concluded in 1889. Inthe obser- 
vation of the planet he struck out a new line of research, 
considering that the disadvantages of observing the planet in 
daylight were more than compensated for by the long time it 
could be kept under observation. Accordingly he followed it 
by day with an 8-inch and latterly with an 18-inch refractor. 
His conclusions announced in December 1889 are well-known— 
that Mercury rotates on its axis in 88 days, exactly the same 
time as the planet requires to rotate on its axis, and that one 
side of the planet has continual day and the other everlasting 
night. This rotation period is generally accepted. The obser- 
vations on Venus, which extended from 1877 to 1890. yielded 
the same result. In 1890 he announced in a communication 
to Milan Academy, that Venus rotated on its axisin a period 
of between six and nine months, with a strong probability of 
225 days, the time of the planets revolution round the Sun. 
A second series of observations in 1895 still further confirmed 
this result, fixing 225 days as the period. 

As in the case of the canals of Mars, the conclusions of 
Schiaparelli regarding Mercury and Venus raised a storm of 
controversy. The Mercury result was confirmed by Lowell at 
Flagstaff. In the case of Venus, various discordant determin- 
ations were reached, but Schiaparelli’s results were confirmed 
by such able observers as Tacchini, Perrotin and Lowell. At 
present it may be said that the long period tor Mercury is 
practically certain and that for Venus the ‘‘balance of evidence” 
is considerably on the side of Schiaparelli’s estimate. 

In 1889 Schiaparelli published his memoir on the distribu- 
tion of the stars. In this line of research—stellar astronomy— 
he made a considerable name for himself. He showed by con- 
structing a series of charts that the stars visible to the unaided 
eye aggregate on the galaxy, thus confirming some independent 
work of Proctor. In the same paper he severely criticised the 
hypothesis of the extinction of lignt, pronouncing it to be both 
unnecessary and improbable. His other stellar researches in- 
cluded a paper in 1890 on the supposed change of color in 
Sirius in which he reached a negative conclusion. 
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As an observer of double stars and as a computer of their 
orbits Schiaparelli’s reputation was a high one, although his 
work in this department was somewhat overshadowed by his 
other researches. 

Favored by the fine Italian climate, he discovered some close 
binary stars and re-measured other difficult doubles. His first 
measures extending from 1875 to 1885, were published in 1887; 
and by 1899 he had obtained eleven thousand measures. By 
the last named year, however, his career as an observer was 
practically at an end. A serious illness overtook him and 
necessitated his retirement from the post which he had adorned 
so long in November 1900. But although in retirement his 
mind was as active as ever and he devoted himself to some 
important pieces of work. He commenced to arrange for pub- 
lication his observations on double stars; and he published in 
1903 his now famous book ‘“‘Astronomy in the Old Testament”’ 
which was translated into English in 1904. In the writing 
of this book, his extensive knowledge of Hebrew and of things 
oriental stood him in good stead. After a reverent and exhaus- 
tive discussion of Biblical Astronomy, he reached several in- 
teresting conclusions, chief among which was that the ‘‘Maz- 
zaroth”’ of Job was identical with Venus. 

Throughout a busy career, indeed, Schiaparelli found time 
to maintain a deep interest in ancient astronomy. In 1875 he 
published his paper on the Spheres of Eudoxes; and he also 
studied the meteorological calendars of the ancients, the theo- 
ries of Greek astronomers and pre-Copernican systems. His 
other researches included the variation of latitude, the distances 
of the stars and of the influences of the Moon on the weather. 

Of his private life there is little to tell. He married Signorita 
Maria Comotti and they had four sons and three daughters. 
Both in Italy and in other countries the astronomer was held 
in the highest esteem. He was regarded as Italy’s greatest 
scientist, and in 1892 received an honorary degree as such 
from Padua University on the occasion of the Galileo tercen- 
tenary. He was an associate of the Royal Astronomical Society 
of London and a foreign member of the Royal Society of Edin- 
burgh. After his retirement he resided chiefly in Milan, spend- 
ing the summer at Monticello on Lake Como. He died on 
July 4, 1910, in Milan, honored and mourned by the whole 
world, in his seventy-sixth year. 

The present writer had the honor to correspond with Schia- 
parelli in his latter years. In the preparation of a book on 
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“Astronomers of To-Day”’ he was exceedingly kind in supply- 
ing biographical details and in correcting the sketch of his 
own life. He was a charming correspondent, overflowing with 
kindness and courtesy; and like all truly great men, he was 
characterised by a deep humility. Writing on November 16, 
1903 he made the following remark, which recalls the humility 
of William Herschel—‘‘In my estimation I found in the article 
a few exaggerations in my favor. The epithet of great astron- 
omer is appropriate for such men as Hipparchus, Ptolemy, 
Copernicus, Kepler, Newton, Laplace, Bessel. My small labors 
do not give me the right to enter the ranks of such men.” 

The same spirit is to be seen in another note dated Milan, 
March 19, 1906, in response to a copy of the book “I owe you 
my special thanks for having put me in such noble company. 
That would make me proud were I not conscious of my imper- 
fections. I can say with the great Tycho—'I did what 1 could 
lest it should be said I had lived in vain’.”’ 

The great astronomer was kind enough to address the present 
writer thus in connection with a later volume—‘' Milan, Novem- 
ber 1, 1906. I thank you with all my heart for your beautiful 
gift and for the kindness with which you have spoken of my 
small labors. To an old man it always gives pleasure to hear 
it said that he has not lived in vain.” 

His prevailing humility resembled that of Newton and Her- 
schel—the humility of a great man impressed with the myster- 
ies of the Universe. ‘‘Astronomy,’’ Schiaparelli wrote in one 
of his works, ‘“‘is the science of Infinity and Eternity.” Side by 
side with a thorough scientific method and a minuteness of 
investigation Schiaparelli was impressed with the wonder and 
mystery of things. A spirit of the truest piety and religion 
breathed through his writings and letters. ‘‘The publication of 
observations on double stars,’’ he remarked ina letter to the 
writer in 1903, ‘will be the object of my labors for some years 
to come, if the Almighty gives me strength and time to do it”’. 

Not only has astronomy lost its greatest remaining repre- 
sentative and Italy its chief man of science; the world is the 
poorer by the loss of a mighty intellect and a noble soul. 
We can only console ourselves by the thought that his life- 
work was one of ceaseless activity and investigation and that 
he led the astronomical army to further conquest over the 
unknown, we can only be thankful for a noble career, resting 
in the assurance that the mysteries of the science of Infinity 


and Eternity are mysteries to him no longer. 


He has passed 
into the Eternal Harmony. 
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LEVERRIER’S LETTER TO GALLE AND THE 
DISCOVERY OF NEPTUNE. 





T. J.J. SEE 





For POPULAR ASTRONOMY 


The death of Dr. J. G. Galle, the veteran discoverer of Neptune, 
which occurred at Potsdain, Germany, July 10, 1910, in the 
ninety-ninth year of his age, will make it of interest to contem- 
porary readers to have the letter of Leverrier which led to this 
famous discovery. This letter in full has never been published. 
It was communicated to me by Dr. Galle about five years ago 
for use in a work on the Planetary System which I was then 
preparing. As the publication of this work has been deferred, 
I have decided to publish the letter of Leverrier without further 
delay. It will be recalled that Galle had reduced and critically 
discussed Roemer’s synopsis of three days’ work, which alone 
escaped the conflagration of 1728, under the title O. Roemer’s 
Triduum Observationum Astronomicarum a. 1706 Institutorum, 
Berlin, 1845; and it was in acknowledging the receipt of this 
memoir that Leverrier wrote to urge Galle to search for the 
unseen planet. 

Leverrier’s letter to Galle is as follows: 

Paris, le 18 Septembre 1846. 

Monsieur, 

J’ai lu avec beaucoup d’interét et d’attention la 
reduction des Observations de Roemer, dont Vous avez bien 
voulu m’envoyer un exemplaire. La parfaite lucidité de Vos 
explications, la compléte regueur des resultats que Vous nous 
donnez, sont au niveau de ce que nous devions attendre d’un 
aussi habile astronome. Plus tard, Monsieur, je Vous deman- 
derai la permission de revenir sur plusieurs points, qui m’ont 
interessé, et en particulier sur les Observations de Mercure qui 
y sont renfermées. Aujourd’hui je voudrai obtenir de |’ in- 
fatigable observateur qui’il voulais bien consacrer quelques 
instants A l’examen d’une region du Ciel, ot il peut rester une 
Planéte a découvrir. C’est la théorie d’Uranus qui m’‘a conduit 
A ce résultat. Il va paraitre un extrait de mes recherches dans 
les Ast. Nach. J’aurai donc pu, Monsieur, me dispenser de Vous 
en écrire, si je n’avais eu A remplir le devoir de Vous remercier 
pour l’intéressant ouvrage que Vous m’avez adressé. 
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Vous verrez, Monsieur, que je démontre qu’on ne peut satis- 
faire aux observations d’Uranus qu’en introduisant l’action 
d’une nouvelle Planéte, jusqu’ici inconnue: et ce qui est remarq- 
able, il n’y a dans l’écliptique qu’une Seule position qui puisse 
étre attribuée A cette Planéte perturbatrice. Voici les elements 
de l’orbite que j’assigne A cet astre: 


Demi-grand axe de |’ orbite 36,154 
ans. 

Durée de la révolution sidéreale 217,387 
Excentricité 0,10761 
Longitude du Perihelie 284° 45’ 
Longitude moyenne I"Janvier 1847 318° 47’ 
Masse 1 

9300 
Longitude Heliocentrique vraie 
au I"Janvier 1847 326° 32’ 
Distance au Soleil 33,06 


La position actuelle de cet astre montre que nous sommes 
actuellement, et que nous serons encore, pendant plusieurs mois, 
dans des conditions favorables pour le découvrir. 

D’ailleurs, la grandeur de sa mass epermet deconclure que la 
grandeur de son diamétre apparent est de plus de 3” sexa- 
géssimales. Ce diamétre est tout-a-fait,de nature a étre dis- 
tingué, dans les bonnes lunettes, du diamétre fictive que divers- 
es aberrations donnent aux ¢toiles. 

Recevez, Monsieur, l’assurance de la haute considération 
de Votre dévoué serviteur 
U. J. LeVerrier. 

Vouillez faire agréer A Mr. Encke bien que je n’aye pas 
Vhonneur d’étre connu de lui, l’hommage de mon profound 
respect. 

A Monsieur 
Monsieur J. G. Galle, 
Astronome 4a 1|’Observatoire 
Royal de Berlin 
a Berlin. 
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SKETCHES OF THE JETS IN THE HEAD 
OF HALLEY’S COMET. 





H. C. WILSON. 





On several occasions while the writer was measuring the 
position of the nucleus of Halley’s comet, he took the oppor- 
tunity to measure the position angles of the jets which appar- 
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JETS IN THE HEAD OF HaLLey’s Comet as SKETCHED BY H. C. WILSON. 
ently issued from the nucleus and made hasty sketches of the 
jets as they appeared in the 16-inch telescope of Goodsell Ob- 
servatory. These sketches have been copied in India ink in 
order to make use of the zinc etching process of engraving. 
The reproductions represent fairly well the relative intensities 
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of the jets and the surrounding envelopes of the comet’s head. 
The directions of the jets are laid off accurately with the aid 
of a protractor from the micrometer measures. The arrow 
indicates the direction of the rays of light from the Sun, which 
I have taken from computations made under the direction of 
Dr. H. D.Curtis of Lick Observatory. It will be noticed ata 
glance that the jets were subject to very marked changes from 
night to night. On April 19, May 5 and 20, the jet was broad, 
fanshaped and nearly symmetrical in form. On later dates the 
emission from the nucleus was more intense in certain direc- 
tions than in others. On May 28, for some time at least, there 
were no visible jets or fan, and the coma appeared almost 
round and fairly dense for 5’ outward from the nucleus in all 
directions. Generally the head of the comet had the appearance 
of being hollow on the side away from the Sun, as if the 
envelopes emitted on the sunward side were not driven back 
directly, but moved outward from the axis of the comets tail 
at the same time that they were driven from the Sun. On 
May 5, 23 and 27 there appeared to be a dark shadow extend- 
ing back from the nucleus into the tail. The measures of its 
position angle on May 5 and 23 show that it was not exactly 
in line with the radius vector from the Sun, but lagged behind 
that line in its daily motion. 

On May 20, at 8:45C.S. T., when the comet was first ob- 
served after its passage between the Earth and Sun, (before 
perhaps the extreme parts of the tail had passed by) the jet 
was very broad and bright, although seen against a bright 
sky background, and extended entirely across the field of the 
eyepiece of the 16-inch telescope. It must have been 15’ or 16’ 
from tip to tip. Its axis of symmetry was not toward the 
Sun but, according to the micrometer measures, was turned 
counterclockwise about 48°. The direction of brightest emis- 
sion from the nucleus was about 44° from the direction of 
the Sun. 

On May 23, at 9:30 C.S. T. the strongest jet was nearly 60° 
clockwise from the direction of the Sun. Two narrow jets 
issued in a counterclockwise direction, one at an angle of 14°, 
the other 115° trom the Sun. . 


On May 25, at 10:20, there were no separate jets, but the 
sketch shows the right half of the fan to be somewhat brighter 
than the left. 

On May 27, at 8:50, the right hand portion of the fan is 
again indicated as the brighter, but an extensive envelope, 
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distinctly brighter than the rest of the head, is unsymmetrically 
developed toward the left, showing that not long before the 
stronger emission must have been toward the left. The posi- 
tion angle of a bright streamer running out alongside the axis 
of the tail was measured as 122°. The sketch is evidently 
wrong in the position of this streamer. 


PosITION ANGLES OF THE JETS OF HALLEY’s COMET. 


Central Direction Fan 


Brightest Other Dark Axis 
Standard of Sun Left Right Jet Jets. of Tail 
Time : Edge Edge. Y 
May 5 16 0 75.6 143.2 36.5 122.8 252 
20 8 40 278.4 232. 60. 322. 
23 9 30 287.5 257.8 181.4 219.2 42.5 301.0 101.7 
25 10 20 289.7 6.0 232.4 
27 8 40 290.6 10.0 201.0 251.0 
28 9 20 290.9 No distincts fan or jets. Coma round. 
31 9 50 291.9 340.0 251.7 119.7 
June 1 9 20 292.0 11.0 335.0 
2 9 35 292.3 111.8 


On May 31, at 9:40, the fan-shaped jet is very nearly sym- 
metrical about the line toward the Sun. A narrow jet extends 
in nearly the opposite direction. 

On June 1, at 9:20, the strong emission from the nucleus is 
toward the left. 

On June 2, no sketch was made but a straight rather taint 
jet is recorded at position angle 111°.8, which is almost exactly 
opposite the Sun. The boundary of the other side of the dark 
space along the axis of the tail is recorded as at position 
angle 74°.3. 

The writer has had the privilege of comparing these sketches 
with photographs of the head of the comet taken on the same 
nights by Dr. H. D. Curtis with the Crossley Reflector at the 
Lick Observatory. Each feature sketched is found upon the 
photographs and many other details, too faint to catch the 
observer’s eye, are shown upon these remarkable photographs. 
It is to be hoped that Dr. Curtis will be able to secure satis- 
factory reproductions of some of his plates, which show a 
marvelous amount of delicate detail. 

It may be of interest to note here that Dr. Curtis has ob- 
tained 370 photographs of Halley’s Comet extending through 
the interval from Sept 12, 1909 to July 7, 1910. Of these, 
206 plates were taken with the Crossley reflector and furnish 
a very complete record of the changes in the head of the comet. 
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THE SWASEY OBSERVATORY, 
DENISON UNIVERSITY, 
GRANVILLE, O. 





Editors Note: This new Observatory was presented to 
Denison University by Mr. Ambrose Swasey, of Cleveland, and 
was dedicated on June 15. At the request of the Editor of 
Popular Astronomy, the photograph on the opposite page was 
loaned by Mr. Swasey and the following intormation concern- 
ing the building and equipment was given by Mr. Swasey 
and by Mr. T. Milton Dyer, the architect by whom the obser- 
vatory was designed. Owing to his great modesty, Mr. Swa - 
sev does not give much of an idea of the beauty, either of 
the exterior structure of white marble or the elegant interior 
finish. The observatory is admirably situated on a high ridge 
commanding a clear horizon and is in all respects well adapt- 
ed to both instruction and research. 


In designing this observatory, the aim was to produce a 
building which would adequately meet all the requirements of 
housing a small telescope with its accessories, and at the same 
time present an attractive exterior. 

The small scale of the building necessitated a simple and flat 
treatment. The materials selected, both for the interior and 
exterior, are of the most permanent and dignified. The exterior 
walls of white marble are crowned by a very small cornice, 
the mouldings following classical lines. 

The only entrance to the building is through the base of the 
main observation tower. This leads to a circular room, 
treated with a Tennessee marble floor, a high Grueby tile 
wainscot, with plaster walls and cornice above. In the center 
of the marble floor is a bronze placque, with a conventional 
Sun in the center and a border formed of the signs of the Zodiac. 

The walls above the wainscot are painted and over-glazed. 
A decorative frieze crowns this surface, and contains a running 
Biblical quotation: ‘‘The heavens declare the glory of God, 
and the firmament showeth His handiwork:” 

Directly back of this circular room is a hall giving access to 
the stairs which lead to the telescope room, the library and 
transit room, dark room, toilet room and basement. 

The transit room has a Tennessee marble floor and a light 
grey brick wainscot. The plaster walls above are painted in a 
tone slightly lighter than brick. 


“‘ 
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The library has a marble floor. The bookcases of oak, 
fumed, form a wainscot in this room, the plaster above being 
painted and over-glazed in warm colors. 

At the level of the telescope room and extending around 
the exterior of the building, is a gallery with light railing, 
affording a fine view over the broad valley spreading far below. 

The equipment consists of a 9’ Equatorial Telescope; a 4” 
Transit and Zenith Telescope; a Cylinder Chronograph; two 
Riefler astronomical clocks; one Seth Thomas clock; Switch- 
board with sounder, and all electrical connections. 








THE SWASEY OBSERVATORY, GRANVILLE, O. 


The Equatorial Telescope is one of the standard Warner & 
Swasey type, similar in design to the 26” telescope in the 
United States Naval observatory, the 36” Lick and the 40” 
Yerkes, and others of similar size designed and constructed 
by that company. 

The column supporting the Equatorial head is of cast iron, 
rectangular in shape, with broad base, extending under the 
floor at the north side, and mounted on four heavy steel beams 
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which are built into the walls to keep the 
contact with the floor. 

The upper section of the iron column contains the driving 
clock, which is protected from dust and injury by plate glass 
doors. The lower part of the column is utilized for the driving 
weights which run the clock. 

The equatorial head and the bearings for the polar axis are 
made in one casting. The coarse Right Ascension and Declin- 
ation circles have large graduations and figures on the face, 
and are easily read from the floor of the observatory. The fine 
circles are graduated on sterling silver, and are read by ver- 
niers and reading glasses, illumined by small incandescent 
electric lamps. 

The driving clock is of the same pattern as those provided 
with the larger telescopes above mentioned. It is governed 
by a double conical pendulum mounted isochronously,—mak- 
ing three revolutions per second, and its movement is con- 
nected with the polar axis by means of a continuous worm 
gear having 360 teeth. 

The telescope tube is of sheet steel, very light and rigid. 
It is provided with Right Ascension and Declination clamps 
and slow motions, which are governed by handles and knobs 
within easy reach of the observer. On the north side of the 
column is placed a dial which is made to revolve in sidereal 
time by the Equatorial driving clock. A double pointer on 
this dial is made to move in unison with the polar axis, thus 
enabling the observer to directly point the telescope to the 
Right Ascension of the star to be observed, with the same ease 
that it is set on the declination of the star. Under this side- 
real dial on the north side of the column is a wheel with 
handles, connected with gearing to the polar axis, enabling 
the observer to easily set the telescope while reading the side- 
real dial. 

The optical parts of the telescope were all made by the 
John A. Brashear Company, of Pittsburgh, Pa. The objective 
has a clear aperture of 9” and a focal length of 135’; and 
the finder has a clear aperture of 3” and a focal length of 171%”. 

In addition to the usual number of eye-pieces there is pro- 
vided a diagonal prism for zenith observations; a helioscope for 
observing the Sun, and a fine micrometer for measuring double 
stars. 

The 4” Combined Transit and Zenith instrument is of the 
standard design with iron base and columns. It is provided 





instrument from 
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with a universal micrometer with electric illumination showing 
dark wires on a bright field. The axis carries two circles 12” 
in diameter, one to be used as a setting or finding circle read- 
ing by opposite verniers to single minutes; the other divided 
upon coin silver with a fine level to read to ten seconds by 
two double opposite verniers. 

The instrument is provided with a most perfect system of 
reversal, enabling it to be used not only as a transit instru- 
ment, but as a zenith telescope. 

The cylinder Chronograph. This instrument is provided 
with a driving clock controlled by a conical pendulum similar 
to that used in the 9” telescope. It has a drum 7” in diam- 
eter, and 14” in length, on which is recorded the work done 
by the transit instrument. A carriage carrying the pen which 
makes the records is connected electrically with the sidereal 
clock, thereby making a record on the drum every second. 
From the same carriage electric wires are carried to the transit 
instrument, the contact being made by the observer as the 
star which is being observed crosses the spider lines in the 
micrometer. By this means a record within 1/10 of a second 
is permanently made on the sheet of paper carried by the 
drum. These records of the observer made on the drum dur- 
ing an evening can be computed at leisure by the astronomer. 

In the library are two astronomical precision clocks made 
by Reifler and Munich. These are the finest clocks ever made, 
their record surpassing in exactness all other clocks. These 
clocks do not require winding as does an ordinary clock, for 
it is provided with a series of magnets which by electric con- 
tact wind it every 34 or 38 seconds. A third clock is provided 
for the transit room, which is of the standard type made by 
the Seth Thomas Clock Company. 





NOTE ON THE MASSES OF VISUAL BINARY STARS. 





R. G. AITKEN.* 





Number 24 of the Publications of the Astronomical Labora- 
tory at Groningen, recently published, contains a “list of Par- 
allax Determinations’? compiled by Professor J. C. Kapteyn 





* Professor of Astronomy, Lick Observatory. 








484. Masses of Visual Binary Stars 


and Dr. H. A. Weersma. The authors have not attempted to 
give a complete summary of all existing parallax determina- 
tions, but. have been more concerned to compile a list that 
should contain only values as nearly free from suspicion of 
systematic error as is possible in such investigations. In addi- 
tion to the sources of systematic error usually taken into 
account by workers in this field, they lay great stress upon 
the natural bias in favor of positive parallaxes, which easily 
influences an observer to discard negative discordant results 
more freely than positive ones. To avoid this source of error 
in their definitive parallaxes, the authors have used only those 
published determinations ‘tin which we positively know that 
negative values have been given as completely as positive 
values.’’ Corrections have been applied to reduce relative par- 
allaxes to absolute values, and weights have been assigned in 
all cases where more than one satisfactory determination of 
parallax exists for a given star, the individual values being 
then combined according to weight to form the ‘adopted 
parallax.” 

Without undertaking any critical examination of the details 
of this piece of work, I think we may safely assume that it is 
the largest list of authoritative values of parallax at present 
available. On examining it I found that it contained twenty- 
six binary stars for which orbits have been computed within 
recent years. This would seem to afford the best opportunity 
that has yet presented itself to investigate the masses of the 
binary systems. 

The tables that follow give the results of my computations. 
In Table I, the values of Period (P) and semiaxis major (a) 
have been taken from the best available orbits, the magnitudes 
principally from Burnham’s General Catalogue, and the values 
of * from the Groningen Publication named above. The values 
of (m+ m) are in terms of the Sun’s mass as unity. For » 
Cassiopeiz, Castor, a Centauri and + Cygni, I have given two 
values each, to illustrate the effects of uncertainties in the 
orbital elements. 

In the Introduction to his Preliminary General Catalogue 
Professor Boss has given the mass ratios of the two compo- 
nents in a number of double star systems, based upon a com- 
bination of micrometer and meridian circle observations. Nine 
of these stars occur in Table I. I have considered it of interest 
to compute for these stars the actual mass of each component 
(in terms of the Sun’s mass) from the data given. The results 
are tabulated in Table II. 
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TABLE I. 
Star Magnitudes P a cs (m-+m,). 
y . 
82 Ceti 6.1— 6.3 24.0 0.66 + 0.360 0.01 
tics as 345.6 10.10 cs .06 
n Cassiopeize 4.0 — 7.5 507.6 12.91 + 0.201 r~4 
y Andromedz(BC) 5.0 — 6.2 55.0 0.35 + 0.007 41.32 
40 o? Eridani(BC) 9.1 —10.8 180.0 4.79 + 0.174 0.64 
8 883 70— 7.0 16.6 0.24 — 0.023 large 
B 552 7.0 —10.0 56. 0.53 + 0.007 138.41 
Sirius —1.6— 9.0 49.3 7.55 + 0.376 3.33 
‘ s 07 oa” 346.8 5.76 ~— 72.38 
Castor 2.7— 3.7 249 3 758 + 0.028 319 22 
Procyon 0.5 —13. 40. 5.8 + 0.324 3.59 
= 3121 7.5— 7.8 35.4 0.62 + 0.008 371.45 
€ Urse Maj. 4.0 — 4.9 59.8 2.51 + 0.179 0.79 
+ Virginis 3.0 — 3.0 182.3 3.74 + 0.058 8.08 
8612 6.0 — 6.0 22.8 0.24 +- 0.260 0.002 
a . ‘ " 81.2 17.71 . nae 1.93 
a Centauri 0.3 — 1.7 78.8 17.54 +- 0.759 1.94 
Oz 298 7.0— 7.3 56.6 0.88 + 0.046 2.19 
~ Herculis 3.0 — 6.5 34.5 1.36 + 0.142 0.74 
26 Draconis 5.5 —10.1 197. 1.90 + 0.088 0.26 
uw? Herculis 10.5 —11.0 44.2 1.37 + 0.106 1.11 
70 Ophiuchi 4.1— 6.1 87.9 4.56 + 0.168 2.59 
8 648 6.0— 9.5 50.8 1.22 + 0.018 123.47 
8 Delphini 4.1— 5.4 27.0 0.54 — 0.010 large 
6 Equulei 4.5— 5.0 5.7 0.31 + 0.067 3.05 
" . ~ 48.4 0.77 —_ 0.09 
7 Cygni 4.9— 7.4 57.2 1.16 + 0.128 0.23 
x Pegasi 4.8— 5.3 11.4 0.29 + 0.028 8.55 
B80 8.2 9.1 63.5 0.63 + 0.021 6.70 
85 Pegasi 6.0 —12.5 26.3 0.82 + 0.067 2.65 
TABLE II 
Star m:m ( Boss) m m2) 

n Cassiopeize 0.75 0.61 0.45 

Sirius 0.39 2.40 0.93 

Procyon 0.33 2.70 0.89 

€ Urse Maj. 1.0 0.40 0.39 

y Virginis 1.0 4.04 4.03 

a Centauri 0.85 1.04 0.90 

¢ Herculis 0.43 0.52 0.22 

70 Ophiuchi 0.82 1.42 a7 

85 Pegasi 1.0 1.83 1.32 

Means 1.61 1.14 


Table [is that the masses differ enormously in different binary 
systems, though the majority are of the same order as that of 
our Sun. Using the smaller value for Castor and the larger 
values for the other stars for which two determinations are 
given, the average mass of the 24 systems with positive par- 
allaxes is 33 times that of the Sun. On any reasonable assump- 
tions in the two cases with negative parallaxes, the masses 
must be large. Omitting these two, and the nine extreme 
masses tabulated (five larger than 40 and four smaller than 
0.3) the average for the remaining fifteen systems is three 
times the Sun’s mass. 
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While it is clear that such averages have little significance, 
we may perhaps be justified in concluding that the latter result 
is nearer the general mean value of mass in double star systems 
than the former. For it is to be remembered that small changes 
in the values of parallax will make great changes in the values 
of mass, and it is the very small parallaxes that are, in general, 
most uncertain. All the very large mass values may later be 
greatly reduced by improved values of parallax. On the other 
hand, any probable changes in the values of ~ for the systems 
82 Ceti and £8 612 will still leave the masses very small. The 
percentage of error due to uncertainties in the orbital ele- 
ments, is not so great as that due to uncertainties in the 
values of z, but the two results given for Castor from the two 
latest orbits (orbits which will satisfy the relative motion for 
the next ten years about equally well) indicate that consider- 
able variations in mass values may result from improved 
elements. 

It is interesting to note that only two negative parallaxes 
are included in the list and that these belong to two of the 
very short period binary systems. So far as these facts have 
any significance, the first may mean that the binary systems 
are nearer to us than the average stars of corresponding mag- 
nitude, while the second warns us that rapid orbital motion is 
by no means a certain indication of such proximity. 

Lick Observatory, 
August 20, 1910. 





THE PERSEIDS OF 1910. 





HARLOW SHAPLEY 





The weather was unfavorable for the observation of meteors 
during the first three weeks of August. From July 30 to 
August 20 the stars were visible on only eight nights and on 
but five of these was the sky good for more than an hour at 
atime. Four of the eight possible nights were fortunately 
grouped around the Perseid maximum. On August 12, how- 
ever, the thick sky prevented me from obtaining satisfactory 
results. During the Perseid shower the Moon interfered with 
observations before eleven oclock. 
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In the total interval of 20" 10™ observation I counted 529 
Perseids and 254 meteors from other radiants. One-half of 
the Perseids and one-fourth of the other meteors were seen in 
five hours on the night of the 11th. None of the meteors were 
of great brilliancy. Very few of the Perseids were of magni- 
tude greater than 0, and the average was of the third mag- 
nitude. The average of the other meteors was slightly fainter. 
The distribution by magnitudes is given in the following table. 

















Magnitudes land>1 | 2 3 a 5 and <5 

: | 2 | 
Perseids 34 144 204 105 42 | 
Other Meteors 5 36 92 83 338i 








One feature of the colors of the Perseids this year is worthy 
of notice. Those travelling in the edges of the meteoric stream, 
that is, those seen on July 31 and August 2 and the belated 
ones August 15, show deeper and more varied tints than the 
ones observed on the 9th, 10th, 11th, and 12th. Faint green 
and orange colored meteors prevailed in the early part of the 
shower, and those seen on the 15th were orange, red, or deep 
yellow. Practically all the Perseids of the 9th, 10th, and 11th 
were white or light yellow. 

My observations would indicate a maximum of the shower 
August 11, 15" 0", C.S.T., at which time the Perseids ap- 
peared at the rate of seventy-five per hour. I have tabulated 
the rates of occurrence for four consecutive nights. 











Date Saeeienl Perseids Other Meteors 
per hour per hour 
Aug. 9 | 3h 30" 19.7 10.5 
10 | 5 0 30.0 12.8 
11 | 5 20 49.1 13.1 
12 | 2 ) 10.5 4.5 
| 





The 6 Aquarids and meteors from radiants in Cygnus and 
Draco were the most numerous of the other shooting stars. 
On the 10th there was a number of small, trailless meteors 
from a radiant near 8 Andromeda. The Aquarids generally 
left long, yellow or orange streaks. A majority of the Perseids 
of the third magnitude, and nearly all of those brighter, had 
trails, of which only a few were visible for longer than four 
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seconds. Five Perseids of magnitude greater than the first 
appeared tu explode at points about two-thirds the length of 


their respective shots. 


The large oval explosion traces, yellow 


or orange in color, could be seen for twenty or thirty seconds. 
On the 11th two of these bursting meteors left double maxi- 
mum intensity points along their trails, the second explosion 
trace being very near the end and vanishing more slowly than 


the first. 


table of observations is given below. 


OBSERVATIONS ON PERSEIDS. 


One curved Perseid trail was recorded. A summarized 





|\Central Standard Time! 








1910 | wieat a Perseids . | —- A Sky 
| Beginning | Ending | Meteors 
| 
July 31 12:30 | 13:50 | 7 | 23 Very fine. 
Aug. 2 10:10 11:10 4 17 Good. 
. 14:00 | 15:00 9 13 Haze and clouds 
9 12:30 | 13:30 19 | 19 Medium 
13:36 14:30 16 6 Partly overcast. 
14:30 | 15:30 28 | 8 Increasing cloudiness 
15:30 16:00 6 5 Stopped by clonds. 
10 11:00 | 12:00 22 : 9 Good at first; later 
12:00 |! 13:00 22 14. occasional clouds, 
13:00 | 14:00 32 | 12 and haze near 
14:00 15:00 34 | 12 horizon. 
15:00 16:00 40 | 17 
11 9:10 10:10 7 | 4 \Moon and haze 
12:00 13:00 35 10 |Haze; later, good. 
13:00 13:30 | 31 8 |Improving. 
13:30 14:00 | 36 6 \Fine 
14:00 14:30 | 27 a om 
14:30 15:00 | 43 | 12 2 
15:00 15:30 | 33 | 4 “ 
15:30 16:00 35 10 Getting light. 
16:00 16:20 15 | 5 Dawn and fog. 
12 14,00 15:00 14 | 6 Very bad; thick. 
15:00 16:00 7 3 Haze. 
15 15:15 16:15 7 } 20 Good. 
Total 529 | 254 | 





Laws Observatory, 


University of Missouri. 
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THE FOURTH CONFERENCE OF THE INTERNATIONAL 
UNION FOR CO-OPERATION IN SOLAR RESEARCH. 





H.C. WILSON. 





A remarkable meeting was that held at the Mount Wilson 
Solar Observatory from Aug. 29 to Sept. 3, 1910; remarkable 
for the number of distinguished scientists gathered together 
and all interested in the same branches of research; remarkable 
for the representative character of the membership of the con- 
ference; and remarkable for the place in which it was held 
and the apparatus for special research which the visitors were 
privileged to see. 

Thirteen different countries and fifty different observatories 
and laboratories, where work is carried on in connection with 
the study of the Sun, were represented. There were men from 
Russia, France, Canada, Spain, England, Scotland, Germany, 
Austria, Holland, Sicily, Sweden, and Switzerland, besides 
those from many parts of the United States. 

The headquarters for the members of the conferencé were at 
the Hotel Maryland, Pasadena, Cal., where the most of the 
members arrived on Sunday afternoon or Monday morning. 
Two special cars from Chicago brought about forty, most of 
whom had been in attendance at the meeting of the Astronom- 
ical and Astrophysical Society of America at the Harvard 
College Observatory, Cambridge, Mass., during the preceding 
week. This party visited the Lowell Observatory at Flagstaff, 
Ariz., and the Grand Canyon of the Colorado River en route. 

On Monday forenoon the members of the conference visited 
the Pasadena offices, machine and instrument shops and the 
physical laboratory of the Solar Observatory, where the de- 
tails of instruments under construction, the measurement of 
solar and stellar spectrograms and the apparatus for physical 
research, were explained by the Observatory staff. The slit 
carrier and plateholder for the 75-foot spectroheliograph of 
the new 150-foot tower telescope, its coelostat mirror and 
other accessories; the splendid photographs of star clusters 
and nebulae taken by Mr. Ritchey with the 60-inch reflector, 
the stellar and solar spectra taken with very high dispersion; 
the machinery for grinding and testing the 100-inch mirror; 
the 100-inch disk of glass, rejected because of flaws in its inter- 
nal structure; and the various appliances in the physical labor- 
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atory, all attracted close attention on the part of the visitors. 

Monday afternoon from 4 to 6 o’clock a garden party at 
the home of Mr. and Mrs. Hale afforded the guests a pleasant 
opportunity of becoming acquainted with each other and with 
some of the citizens of Pasadena. 

Tuesday morning carriages were in waiting at 8 o’clock to 
convey the members of the conference to the summit of Mt. 
Wilson where the formal sessions were to be held. The jour- 
ney occupied the greater part of the day, lunch being served at 
Snyder’s Camp, half way up. Many preferred to go up the 
old trail on foot or riding saddle horses. These took the trolley 
to Siérra Madre, where horses and mules were awaiting them 
at the foot of the trail. Those who had the courage to choose 
this method of reaching the summit all spoke enthusiastically 
of the trip. Mt. Wilson rises quite abruptly from the valley 
and the carriage road winds about with many sharp turns, in 














THE Way THE Majority OF THE MEMBERS OF THE SOLAR CONFERENCE 
WERE CONVEYED TO THE SUMMIT OF Mount WILSON. 


and out of the canyons which gouge its side, in order to main- 
tain a moderate grade. The outlook over the valley, covered 
with orange groves and vineyards, is fine as one mounts higher 
and higher, and on the other hand the mountain scenery is grand. 

At the summit the hotel people quickly assigned us to the 
various cottages and tents which had all been reserved for the 
use of the members of the conference. About twenty were 
obliged to sleep in tents, but this was no hardship since the 
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nights were warm. Immediately after supper the dome of the 
60-inch reflector was thronged with visitors, all intent on see- 
ing the instrument with which such splendid photographs had 
been taken. The spectrograph was on so that no view could 
be had of any celestial objects but the construction of the 
mounting and the driving clock was explained. On the next 
two nights the instrument was arranged for visual work, 
with an equivalent focal length of 100 feet, and many obtained 
excellent views of the Hercules Cluster, the Ring Nebula, certain 
double stars and the planet Saturn. The dome of this instru- 
ment is entirely covered with an outer dome of white canvas 
to prevent its being heated during the day. 

















MEssrs. BACKLUND AND SEARES ON THE WAY TO THE SOLAR OBSERVATORY. 


On each day of the conference the Snow horizontal telescope 
and the 60-foot tower telescope were in working order and 
members of the staff were on duty to explain their operation 
to the guests. The new 150-foot tower telescope is not yet 
finished but the coelostat and lens were in place and the image 
of the Sun, 18 inches in diameter, could be examined at any 
time when the seeing was good. This instrument has a good 
sized dome at the top of the tower, the two halves of the dome 
being arranged to revolve one within the other so that the 
opening may be as great as the half of the hemisphere. The 
total height of the tower and dome is 180 feet. The slit and 
plate holder of the spectroheliograph will be placed about 
three feet above the ground and the grating prisms and mirrors 
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down at the bottom of a well 80 feet deep, making the length 
of the spectroheliograph 75 feet and the total length of the 
instrument vertically 225 feet. The tower is really two towers, 
one within the other so that the coelostat and objective are 
supported by a frame which is entirely protected from the wind 
and the direct rays of the Sun. The new tower telescope is on 
very much the same plan as the 60-foot tower telescope, which 
was built as an experiment and has proved very successful in 
its operation. It will be used especially for the study of the 
spectra of sun spots and the finer details of the solar surface. 

The sessions of the conference were held in the museum, a 
one story wooden building, with a second roof of white canvas 
which kept the building quite cool and comfortable even in 
the hottest part of the day. 

The first session was called to order at 9:30 a. M. on Wednes- 
day by Professor Arthur Schuster, chairman of the executive 
committee. Professor E. C. Pickering was chosen as presiding 
officer for the first day, Professor W. W.Campbell for Thursday 
and Professor E. B. Frost for Friday. Walter S. Adams, Prof. 
P. Puiseux of Paris, Prof.H.Konen of Miinster and Mr. Harold 
D. Babcock were elected secretaries of the conference. 

Cablegrams from Lady Huggins and Mr. Andrew Carnegie 
were read, expressing best wishes for the success of the 
conference. 

Professor Geo. E. Hale, Director of the Mt. Wilson Solar 
Observatory gave the address of welcome. He said that the 
most important work of the Union was the stimulation of 
research and the meetings in Oxford and Paris had been of use 
in this way. It was a question whether formal coédperation 
would be a success. One thing which had been accomplished 
was the establishment of secondary standards of wave length. 
He spoke of the need of tertiary standards and said that the 
spectrograms taken with the tower telescope were well adapted 
to the measurement of such standards. For the study of the 
spectra of sunspots and the Zeeman effect a map of the spot 
spectrum is required on a large scale. Professor Hale suggested 
1 centimeter to 1 Angstrom unit and asked the question wheth- 
er a map on such a scale could be prepared and what would 
be the practicable length of the sections of the map. 

He then spoke of the tower telescope and said that it was 
designed especially to meet the conditions on Mt. Wilson. It 
might not be adapted to use in other localities. The aperture 
of the lens is 12 inches and its focal length 150 feet. It may be 
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arranged for use with focal lengths of 100 feet and 30 feet. 
The reason for the great focal length is the formation of a 
large image of the Sun, so that spectra of small portions may 
be obtained. The arrangement of the collimating lens, grating 
and prisms at the bottom of the 80 foot well, and of the slit 
and plateholder at the surface was described with the aid of 
diagrams rapidly sketched upon the blackboard. 

Photographs of the Sun.can be obtained from both edges of 
the Ha(red hydrogen) line simultaneously by using two mirrors 
and two slits. Such photographs often differ very much from 
each other, the one showing the effect of descending, the other 
of ascending currents of hydrogen. 

















Two NoTep ASTRONOMERS ON THE WAY TO THE SUMMIT OF MT. WILSON. 
On the left is Professor P. Puiseux of Paris, and on the right 
Professor A. Belopolsky of Paris 
In the spectra of sunspots certain lines are doubled and 
others are triple. The same lines are always affected in the 
same way in different spots. The iron line at A 6303 is triple, 
sometimes wide, sometimes less separated. To show this re- 
quires high resolving power and extremely high dispersion. 
Experiments in the laboratory show that doubling, tripling 
and even higher multiplication of metallic lines is produced by 
passing the light through a powerful electro-magnetic field. 
In a spot spectrum the components of some lines may be par- 
allel and those of others may be convergent at the same time, 
showing differences of the electric field at different levels. It is 
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possible from these differences to determine the direction of the 
axis of the vortex about a sunspot. 

Professor Hale explained a device by means of which, with 
several slits close to each other, he photographs the spectra of 
different portions of the same spot on the same plate at once. 
He is thus enabled to determine the direction of the lines of 
force around the spot. These are often found to form spiral 
curves running out from the center. When there is only one 
strong center the spirals all turn the same way and the vortex 
may be turned unipolar. When there are two strong centers 
in the same spot group the spirals, so far as they have been 
observed, always turn in opposite directions from the two 
centers, so that in this case the vortex may be turned bipolar. 
In certain cases where there were separate spot areas near the 
same longitude, one in the northern and the other in the south- 
ern hemisphere, the two vortices were of opposite polarities. 
_ Inconclusion Professor Hale said that work with the Ha line 

was much more important than with the calcium lines for the 








SoME OF THE OBSERTATORY STAFF AND THEIR MEANS OF CONVEYANCE. 
study of eruptive phenomena. For much of the study of the 
Sun expensive instruments are not necessary and it is to be 
hoped that all who can will lend their codperation to the study. 

The report of the Executive Committee was then given by 
Professor Schuster and the report of the committee on wave- 
lengths by Professor Kayser. The latter report was perhaps 
the most important of those made at the conference, in that it 
presented for adoption a table of 371 standard wavelengths, 
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mostly of the iron are spectrum. This table will be published 
in the October number of the Astrophysical Journal. Professor 
Kayser spoke of the fact that Michelson’s determination by 
the interferometer method, of the wavelength of the red cad- 
mium line at A 6438 had been adopted at a former conference 
as the primary standard. Progress has been made on the wave- 
lengths of iron by Messrs. Fabry and Buisson at Paris, Ever- 
sheim at Bonn and Pfund at the Johns Hopkin’s University. 
The results obtained by these three agree very closely, the 
differences from the mean of the three rarely amounting to 
more than .002 or .003 of an Angstrém unit. 

The following recommendations presented by the committee 
were adopted after a short debate and after each recommenda- 
tion had been read in turn in English, French, German. 

RECOMMENDATIONS OF THE COMMITTEE ON WAVELENGTHS. 

1. In the region of the spectrum in which three independent measurements 
by the interferometer method of the lines of the iron arc are available, i. e. 
between \ 4282 and \ 6494, the arithmetical mean of the three measurements 
shall be adopted as definite international standards of second order, provided 
there is sufficient agreement between them. 

2. The committee be given authority to publish these standards as soon 
as possible. 

3. For the part of the spectrum in the neighborhood of \ 5800, where the 
number and character of the iron lines is not satisfactory, the committee pro- 
poses the use of barium lines as additional standards. 

4. Laboratories or observatories possessing first rate concave gratings 
are invited to determine by interpolation as soon as possible standards of the 
third order in the spectrum of the iron are within the above range, (i. ¢. 
\ 4282 to Xr 6494). 

5. The measurement of standards of the second order shall be extended 
to shorter and longer wavelengths and the arithmetical mean of three inde- 
pendent determinations shall be adopted as secondary standards. 

6. Standards of the third order shall then be obtained in 
indicated. 

7. The above system of standards shall be called the international sys- 
tem, the unit on which it is based being called the International unit (I. A.), 
as defined by the conference of 1907. 

8. It is very desirable that in different laboratories possessing concave 
gratings of the first quality, photographs of arc, spark and solar spectra 
and new measurements according to the international system shall be taken 
as soon as possible, 


the manner 


On Wednesday evening an address was given by C. G. Abbot, 
Director of the Smithsonian Astrophysical Observatory, in 
which he gave a brief historical outline of the study of solar 
radiation. The most probable value of the solar constant of 
radiation appears now to be about 1.92 calories per square 
centimeter per minute. From the last few years work of the 
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Smithsonian Observatory at Washington and Mount Wilson 
there are fairly strong indications of frequent variability of 
the order of five or ten per cent in the intensity of the solar 
radiation outside the Earth’s atmosphere, and there are also 
indications from the study of a longer interval that there is a 
periodic variation coinciding in time with that of sunspot 
frequency, the maximum radiation accompanying the sunspot 
minimum. 

At the second session, Thursday morning, invitations were 
extended to the members of the conference to visit the Lick 
Observatory, Leland Stanford University and the University 
of California. The report on the measurement of Solar radia- 
tion was presented by Mr. C.G. Abbot. As the committee 
had held no meeting there being only two of the members 
present, the report could not be considered an official report 
of the committee, but it was accepted for record. 

Professor Fowler spoke 
« of the fact that papers and 
photographs forwarded by 
Professor Callendar had 
failed to arrive. Professor 
Humphreys described a new 
type of pyrheliometer de- 
signed by Mr. Marvin of 
the Weather Bureau. It is 
of the electrical resistance 
type, the principal part be- 
ing a coil of very thin nickel 
ribbon. Its resistance is in- 
dependent of the portion of 
the coil upon which the heat 
falls. Several such instru- 
ments are now in use and 
the results are entirely in 
accord with those obtained 
by the Abbot secondary 
pyrheliometer. Professor 
Schwarzschild spoke of the 
work of Messrs. Miiller and 
THe 150-roor Tower TELESCOPE Kron at Alta Vista on the 
at Mounr WILson. peak of Mt.Teneriffe. Their 
results agree exceedingly 
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180 feet high and the well for the well with those of Mr. 
Spectroheliograph is 80 feet deep. Abbot. 
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Pouhense Schuster said that it was dethzelite to study the 
variation of intensity of the solar radiation from different 
parts of the disk. The photosphere and absorbing layer are 
not separate and the effect from the two is not the same near 
the limb as near the center of the disk. One problem can be 
treated mathematically and that is where the heat is given 
out by radiation only,—neglecting convection. On this sup- 
position, calculating the absorption of air which we should 
expect if there were no other agency than pure air, the result 
for the solar radiation agrees with that obtained by Abbot. 
Professor Pickering spoke of the possibility of observations of 
solar radiation being made at Arequipa, if instruments could 
be furnished, and offered the use of the Harvard station and 
observers for that purpose. 

In reply to the question whether a pyrheliometer of approved 
type would be sufficient for this work or would bolometric 
observations be required, Mr. Abbot said that either many 
pyrheliometers might be employed at different stations or 
there should be at least one bolometric station aside from 
that of the Smithsonian Observatory. If any one would guar- 
antee him $4000 a year he would go to southern Mexico and 
make the observations. 














THE 60-FOOT TOWER TELESCOPE AND THE SNOW HoRIZONTAI 
AT MT. WILSON. 

Professor Fowler presented the report of the committee on 
sunspot observations, showing that six observers are now 
coéperating in the work of obtaining observations of spot 
spectra. One notable result is that the spot spectrum is found 
to be as constant as the Fraunhofer spectrum. Its study is 


. TELESCOPE 
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therefore less interesting than was expected. The following 
resolutions were presented and adopted: 


RESOLUTIONS PRESENTED BY THE SOLAR COMMITTEE. 


1. That the reports of the Solar Committee and of the codperating ob- 
servers be printed in the transactions of the Union in full or in abstract as 
circumstances may determine. 


2. That notwithstanding the photographic results, visual observations 
are desirable and the committee should be continued. 

3. That the committee be requested to prepare and circulate a revised 
scheme of observations. 


4. In view of the fact that several observers have prepared catalogues ot 
great numbers of sunspot lines, it is desirable that these results be collated. 

5. It is desirable that the sections of the new map of the sunspot spect- 
rum do not exceed 60 centimetres in length and be ona scale of 5 millimetres 
to one Angstrém. 

Professor Newall spoke of the possibility of using plane 
gratings for measuring the wavelengths of tertiary standard 
lines. 

Mr. Adams spoke of the use of plane gratings in measuring 
solar rotation at Monnt Wilson and said that for a long dis- 
tance in the spectrum the reduction factors will follow a 
straight line. Experience shows that the results are extremely 
accurate, the accidental errors for the arc lines averaging only 
0.0014 Angstrém unit and for the enhanced lines in the solar 
spectrum only 0.0020 A. 

Professor Fabry said that, for short spaces of the spectrum 
plane gratings may be even better than concave gratings. 

Dr. St. John emphasized the accuracy obtained with plane 
gratings, for short distances with sufficient standards between. 

The report of the eclipse committee, in the absence of the 
chairman, Sir Norman Lockyer, was presented by the secre- 
tary, Count A. de la Baume Pluvinel. 

Some little debate occurred over the one recommendation of 
the committee, that angles of position around the Sun’s limb 
be recorded from north around toward east, but the recom- 
mendation was finally adopted. Major Hills spoke of the 
advisability of the committee keeping in close touch with 
other committees in regard to preparations for observing 
eclipses. Professor Donitch spoke of the desirability of codper- 
ation in observations of the chromospheric spectrum. Profes- 
sor Campbell described a method of using a moving plate 
holder for photographing the flash spectrum, as applied by 
him in recent eclipses. 

On Thursday evening Professor Kapteyn gave an extremely 
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interesting address on Star Streams, of which it is impossible 
to give any adequate account here, but which will be pub- 
lished in full in the transactions of the Solar Union. From a 
study of the proper motions, according to Boss’ catalogue, of 
the stars of the Orion or B spectral type, he found that all of 
these stars in a large region of the sky, containing the con- 
stellations Scorpio and Centaurus, were moving in nearly the 
same direction and at nearly the same rate. This region covers 


4500 square degrees, extending roughly from 12" 0” to 18" 0”. 


in right ascension and from 0° to — 60° in declination. In 
another region of 1300 square degrees around the constellation 
Perseus, from 2" 50" to 4" 30" in right ascension and from 
+15° to + 55° in declination, all stars of the same type were 
found to be moving together in a different direction. Professor 
Kapteyn finds that these apparent motions may be explained 
on the supposition of two star streams moving in exactly 
opposite directions at equal rates, their apparent motion being 
the resultants of their real motions combined with that of 
the Sun, so that the average apparent velocity in the line of 
sight of the stars of one group comes out about 28 kilometers 
per second, while that of the other is about 18 kilometers per 
second. Professor Kapteyn said that he was led to take up 
this investigation by finding a discrepancy of about nine kilo- 
metres in the velocity of the solar system as determined from 
the known radial velocities of the Orion type stars near the 
apex of the solar motion and from those near the antapex or 
opposite point of the heavens. He finds that these stars are 
very distant from the Sun, the theoretical parallax ranging 
from 0”.006 to 0’.026. On examining the proper motions of 
stars of other spectral types in the same regions of the sky, 
he finds that all of those which possess similar motions are 
of the A type, which is next in order of probable development 
to the B type. 

At the third session, Friday morning, the report of the com- 
mittee on the determination of Solar Rotation by the displace- 
ment of lines was presented by Mr. Adams. A resolution 
offered by Professor Newall was adopted: that the committee 
be reappointed with power to initiate and continue the plan 
of coéperation proposed at its first meeting. 

M. Deslandres proposed to add to the field of work of the 
committee the study of the movements of the solar atmosphere 
and therefore to change the name of the committee to that of 
“The Committe on the Study of Solar Motions,’’but this did 
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not find favor. 

Mr. Abbot suggested that, as the lines of heavy elements 
disappear at the Sun’s limb, measures of these lines might be 
taken at such distances from the limb as are practicable. 

M. Deslandres reported on the work’of Mr. Perrot at Meudon 
and advocated the method of photographing the surface of 
the Sun in sections in the light of one particular portion of 
the spectrum. This method has its advantage in that the 
edges of the limiting slit near the photographic plate serve 
as reference lines for measuring the relative radial velocities 
all over the solar disk. The limiting slit may be one or two 
millimeters wide with a particular line (K for instance) in the 
middle of the slit. 

The report of the committee on the spectroheliograph was 
presented by Professor Frost in the absence of Professor Hale. 
It included a report from Father Cirera of Tortosa, Spain, on 
the classification of faculzee; a report from Professor Ricco, of 
Cantania, Sicily, showing that since 1908 the photosphere had 
been photographed on 418 days and the chromosphere on 
366 days; and areport from Yerkes Observatory of over 4000 
plates obtained with the spectroheliograph since 1904. 

The resolutions offered by the committee and adopted by the 
conference were in substance as follows, 


That daily photographs of calcium flocculi be continued. 
That provision be made for the measurement of the photographs. 

3. That the Japanese government be approached in regard to the estab- 
lishment of a solar observatory in Japan. 

4. That the observatories of Tacubaya, Mexico, and Madrid, Spain, be 
added to the list of coéperating observatories. 


5. The committee recognize advisability of the use of spectroheliographs 
of high dispersion. 


> 
=~. 


6. That the fund raised in Italy as a memorial of Father Secchi be 
devoted to the construction of a tower telescope. 

On Friday afternoon the question as to whether the Solar 
Union should take up the study of stellar spectra was made 
the special topic of the first hour. Although there appeared 
to be general hesitation to make a deninite proposition, it was 
soon found from an informal discussion that all were agreed 
upon the subject and it was formally voted 

That the Solar Union extend its activity so as to include general astro- 


physics, and that a committee be appointed to consider and report on the 
question of the classification of stellar spectra. 


The committee as appointed later consists of Professors Pick- 
ering, Ch., Schlesinger, Sec’y., Adams, Campbell, Frost, Hale, 
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Hamy, Hartmann, Kapteyn, Newall, Plaskett and Schwarzschild. 

Professor Pickering explained the origin of the Harvard 
system of classification, saying that it was merely alphabetical 
at first and that afterwards it seemed best to drop some of the 
letters and change the order. It has now simmered down to 
fundamentally six types designated B, A, F, G, K, and M, which 
may perhaps express a certain order in the evolution of stars 
It would be extremely undesirable to introduce a new system 
until we know more certainly the true order of stellar evolu- 
tion as indicated by their spectra and it is to be hoped that 
no radical action will be taken. 

Professor Schuster said there is no wish that this committee 
will take any premature action. No one expects it to present 
at the next meeting any scheme of classification but only to 
collect and present various opinions. 

The following resolution was adopted: 

This conference learns with pleasure that it is proposed to erect a solar 
observatory in Japan. 

For the meeting place of the next conference invitations were 
presented from Bonn, Germany, Barcelona, Spain and Rome, 
Italy. Professors Kayser and Kistner presented the claims of 
Bonn, Father Cirera spoke in behalf of Barcelona and Professor 
Ricco for Rome. It was voted that the meeting of the Solar 
Union of 1913 be held at Bonn and that the time of meeting 
be fixed by the Executive Committee in consultation with 
Professors Kayser aud Kistner. 

The remainder of the session was taken up with the appoint- 
ments of the various committees and votes of thanks to Pro- 
fessor and Mrs. Hale and the members of the observatory 
staff who had part in making the meeting so great a success. 

Saturday morning was occupied with the descent from the 
mountain and on Saturday evening the banquet given to the 
members of the Conference at the Hotel Maryland by Professor 
and Mrs. Hale, at which about one hundred guests were 
seated, brought to a fitting close a memorable meeting. 
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It will not be possible 


to observe this conjunction, however, because the planets will be too close to 


the Sun. 


and in aphelion on Novy. 21. 


Venus will be 


invisible during 


the month of 


superior conjunction with the Sun on November 25. 


Mars and Jupiter will be in conjunction on November 3, 
the Moon will be in conjunction on 


November 29. 


Novem ber. 


Mercury will be in superior conjunction with the Sun on Nov. 11, 


It will be in 


and Mars and 


Mars will be invisible 


until the latter part of the month when it will begin to become visible in 


the morning sky. 


Jupiter will be in conjunction with the Moon on November 18. 


then rise before the Sun and be the morning star. 


It will 


Saturn at the beginning of the month, will rise just at sunset, and will 
rise earlier each day, so that it will be an interesting object for the telescope 
during the entire month. 

Uranus will continue to move slowly eastward in the constellation Sagit- 


tarius. 


Neptune will be visible in the constellation Gemini during the month. 
will be in conjunction with the Moon on November 20 


slow and retrograde. 


Its declination will be about —22°. 


It 
Its motion is very 
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COMET NOTES. 

Dr. Curtis’s Photographs of Halley’s Comet.—We have the good 
fortune to present in this number of P. A. two out the large number of 
splendid photographs of the tail of Halley’s comet obtained by Dr. H. D. 
Curtis at Lick Observatary. These two were obtained with the Willard 
5-inch lens, with exposures of two hours each, .on the evenings of June 6 and 
7. They show a very remarkable change in the bright crooked streamer which 
appears on the left hand in the photograph of June 6. The following quota- 
tion from a paper by Dr. Curtis in the June number of the Publications of 
the Astronomical Society of the Pacific, page 124, gives an interesting descrip- 
tion of the changes: ‘‘'The striking feature on June 6th was the anomalous 
streamer of great intensity to the south of the main tail; it starts at 1°.61 
from the nucleus and its head is rounded,and quite sharply defined; it makes 
an angle of roughly 15° with the main tail and is traced on the Zeiss plate 
to a distance of 16° from the nucleus. Notrace of this great streamer is 
shown on the plates of June 5th, though there is a small streamer near the 
nucleus which may have been the source, and its sudden formation is some- 
thing of a puzzle unless it is assumed that it may be the central part of the 
tail of June 5th displaced or rotated around to the south. Its brightness, 
however, and the enormous velocities necessary to form the new central por- 
tion of June 6th are against this hypothesis. The streamer has a slightly 
twisted and spiral appearance, with faintly marked convolutions. On the 
next night, June 7th, this streamer has moved over till it lies approximately 
in the axis of the tail; the spiral appearance has increased so that it now has 
a pronounced zig-zag effect. The strong central formation of the 6th has 
also moved out, and the remarkable fact is that this has also assumed a zig- 
zag shape and its convolutions are parallel to those of the southern stream 
Twenty-four hours later, or forty-eight hours after the plate of June 6th, the 
plate of June 8th shows the end of the formation with one or two of the 
zig-zags still faintly visible at a distance of about 6°.6 from the head. From 
two plates taken with the Willard 6-inch on June 6th at an interval of sixty 
three minutes, the end of the great streamer Shows a movement along the 
tail, in the radius vector, of 44 kilometres per second; in the interval of 
twenty-four hours between the plates of June 6th and 7th the average velocity 
of the matter in the end of the streamer was 70.1km per second; in the nearly 
equal interval between the plates of June 7th and 8th the average velocity of 
recession along the tail for the same mass of matter was 91.2km per second. 
Other interesting evidences of rapid motion along the tail are found in nearly 
the entire series from May 25th to June 3rd. Measures have been made of 
the more striking features on these plates and are tabulated below in the order 
of their distances from the head, the unit being the Earth’s distance from the Sun. 
This table is admittedly only preliminary; there are numerous other formations 
on the plates besides those measured; time has not yet permitted, however, 
the definitive working through of the large amount of material available 
for the study of the velocities along the tail. For this reason a discussion of 
the motion observed and the acceleration will be withheld for more definitive 
treatment later. These preliminary results are ample, however, to show the 
increase in velocity as the matter recedes from the head. In computing these 
velocities the tail has been assumed tu be in the prolongation of the radius 
vector; the determination of the hyperbolic orbits of the matter will of course 


change these values.” 
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TABLE OF VELOCITIES ALONG THE TAIL. 
Date Distance Distance Interval Velocity 
(Limits) from of time kilometres 
Nucleus per second 
s 
May 23 oe 0 3,000 0.9 
May 13-14 0.0018—0.0046 0.0032 86,670 4.9 
May 27-28 0.0005—0.0080 0.0042 86,880 12.8 
May 25-26 0.0043—0.0157 0 0100 88,260 19.3 
June 2-3 0.0055—0.0239 0.0147 86,520 31.8 
May 28-29 9.0080—0.1292 0.0186 86,190 36.8 
May 31-June 1 0.0095—0.0287 0.0191 86,220 33.3 
May 26-27 0.0157—0.0383 0.0270 88,020 38.4 
June 6! 0.0230—0.0237 0.0234 7,200? 48+ 
June 6 er 0.0237 3,180 43.8 
June 6-7 0.0236—0.0640 0.0438 86,070 70.1 
June 7 nae 0.0640 3,630 53.6 (doubtful) 
May 30-31 0.0501—0.1922 0.0712 86,670 72.4 
June 7-8 0.0640—0.1170 0.0905 86,700 91.2 





The Length of the Tail of Halley’s Comet.—In the Pub. A.S.P. 
for June, page 126, Dr. H. D. Curtis gives the following table of lengths of the 
tail of Halley’s comet as determined from measures of the photographs at 
Lick Observatory: 


miles 
1909, Dec. 16 0° 3’ = 430,000 
1910, Jan. 28 1 = 4,700,000 
Feb. 4 a8 = &,800,000 
Apr. 21 4 = 9,200,000 
Apr. 30 14 =19,000,000 
May 5 28 =27,800,000 
10 38 —24,400,000 
17 105 =—18,300,000 
19 146 =18,600,000( visual determination) 
23 59 =16,000,000 
28 28 =17,600,000 
June 2 20 =21,000,000 
July 1 + = 18,000,000 





Discovery of Metcalf’s Comet.—On August 8th at 9p. Mm. local 
time an object was picked up here with the broken-backed comet-seeker of 
7¥ inches aperture, which was suspected as being a comet. At this time, it 
was 114° northwest of w Herculis. 

None of my star maps showed a star cluster or nebula in that position 
and from my familiarity with the region I felt that it must be a comet. 

About 15 minntes after it was discovered the sky thickened and, though 
I watched until after 1 P. M., it could not be seen again that night. The next 
morning I telegraphed to Professor Pickering asking him if there was a 
ula near that point and he answered that there was not. 

The evenings of August 9th was clear and the object was seen to have 
moved about 35’ west and slightly north. The telegram as sent from here 
originally read “comet moving northwest,’ the bulletin says south west. 
The confusion arose from the fact that I am camping on Lake Champlain and 
the message had to be telegraphed to Burlington, as the telegraph office three 
miles from here, is not open in the eveniug. From Burlington it went as a 
telegram. 

The instrument used used is one made by myself, of 71 


neb- 


inches aperture and 
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very short focal length. It is so mounted that the observer sits comfortably 
and looks horizontally into the eye piece. To cover the whole sky it is only 
necessary to move once around the pedestal. As the mounting has no circles 





of any sort, only the roughest estimates of positions of objects can be made 
JoEL H. METCALF. 
Camp Idlewild, 
South Hero, Vermont. 
Ephemeris of Comet 5b (Metcalf) 1910.—The following ephemeris 
of Metcalf’s comet for Oct. 1910 is based upon Kobold’s elements published 


in the Harvard Bulletin of Aug. 23. 


Greenwich a 5 logr log A 
Midnight _ @ 8 ‘ is 
Oct. 4 15 28 2 +18 O 30 0.29921 0.40374 
8 28 25 18 13 12 0.30167 0.41194 
12 29 2 18 27 10 0.30437 0.41925 
16 29 50 18 42 41 0.30727 0.42578 
20 30 48 9 6 C67 0.31039 0.43137 
24 15. Si S57 19 19 21 0.31369 0.43621 


F. E. SEAGRAVE. 
Providence, R. I. Aug. 31, 1910. 

D’Arrest’s Comet Observed.—A cablegram has been received at this 
Observatory fiom Kiel, stating that D’Arrest’s comet was observed by 
M. F. Gonnissiat, Director of the Algier’s Observatory, on August 26.3892, 
1910, G. M. T., in the following position. 

R. A. 16" 48" 255.3 Dec. 9° 42’ 50” 
Visible in a large telescope. 
Harvard Astronomical Bulletin. No. 422. 





VARIABLE STARS. 





New Elements of RY Auriga.—In A. N. 4351 Mr. M. Luizet, 
St. Genis Laval, France, announces new elements of RY Auriga obtained 
by him from observations made with the equatorial coude at Lyon. The 
new elements are 

Min. 2417707.°382 (Paris M. T.) + 29.72559 E 

The period of change of light is 6" 40" and the increase and decrease are 
practically symmetrical with reference to the minimum. The range is 10".8 
—11™.8. 





Provisory Elements of Three Variable Stars.—In A. N. 4351 
M. Luizet announces the following provisory elements of 55.1908 Lyncis, 
151.1907 Cancri and 54.1968 Geminorum obtained from observations at Lyon. 


55.1908 Lyncis Max. 1908 Dec. 17+72"°E M-m=36 Range 8”.6-9".4 
151.1907 Cancri 1908 Mar. 5+74°E 31 8™_.5.9".2 
54.1908 Geminorum 1908 Oct. 25+ 469.2 FE == 25 8”.7-9".3 





Provisory Elements of 37.1910 Hercules.—The variability of 
this star, noted by Professor Ceraski (A. N. 4403) was confirmed by the ob- 
servations of M. Casteels, extending from April 26 te June 26 and the follow- 
ing provisory elements are announced in A. N. 4429 by G. Van Biesbroeck 
of Uccle. 

Min. = 24188224.379 + 2.92673 E 

The star is probably of the Algol type with a period very nearly 2° 6" 

24.8. The range is 9.™5-12".00. 
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Approximate Magnitudes of Variable Stars on Sept. 1, 1910. 


[Communicated by the Director of Harvard College Observatory, Cambridge, Mass.] 





Name, R.A. Decl. Magn. Name. R.A. Decl. Magn 
1900. 1900. 1900. 1900. 
h m e . h m 2 , 
x Androm. O 10.8 +46 27 11.7d RU Herculis 16 6.0 +25 20 13.3d 
T Androm. 17.2 +26 26 11.0d W Coronae 11.8 +38 3 967 
T Cassiop. 17.8 +55 14 10.3d W Ophiuchi 16.0 — 7 28 10.9d 
R Androm. 18.8 +38 1 12.07 V Ophiuchi 21.2 —12 12 73 
S Ceti 19.0 — 9 53 9.2i U Herculis 21.4 +19 7 10.87 
Y Cephei 31.3 +79 48 10.5 SS Herculis 28.0 +7 8 123.2; 
U Cassiop. 40.8 +47 43 11.5d S Ophiuchi 28.5 —16 57 8.6d 
V Androm. 44.6 +35 6 13.5d T Ophiuchi 28.0 —15 55 <12 
RR Androm. 45.9 +33 50 12.0d W Herculis 31.7 +37 32 13.4d 
W Cassiop. 49.0 +58 1 11.37 R Draconis 32.4 +66 58 12.0d 
UAndrom. 1 9.8 +40 11 14.5 RR Ophiuchi 43.2 —19 17 7.81 
S Cassiop. 12.3 +72 5 11.8d S Herculis 47.4 -+15 7 9.6d 
RU Androm. 32.8 +38 10 10.0d RV Herculis 56.8 +31 22 12.2d 
Y Androm. 33.7 +38 50 13.3d R Ophiuchi 17 2.0 —15 58 9.3d 
K Cassiop. 49.8 +58 46 9.0 RT Herculis 6.8 +27 11 10.07 
U Persei 53.0 +54 20 8.57 Z Ophiuchi 14.5 +1 37 7.8 
R Arietis 2 104 +24 35 7.5 RS Herculis 17.5 +23 1 13.0d 
W Androm. 11.2 +43 50 9.0i RU Ophiuchi 28.1 + 9 30 13.6d 
Z Cephei 12.8 +81 13 <13_ RS Ophiuchi 44.8 — 6 40 11.6 
S Persei 15.7 +58 8 8.8 RT Ophiuchi 51.8 +11 11 <14 
RR Cephei 30.4 +80 42 <12 RY Herculis 55.4 +19 29 11.5d 
R Trianguli 31.0 +33 50 10.0d V Draconis 56.3 +54 53 9.31 
Y Persei 3 20.9 +43 50 98 T Herculis 18 5.3 +31 0 £7.57 
R Persei 23.7 +35 50 8.37 W Draconis 5.4 +65 56 <12 
‘T Camelop. 4 30.4 +65 57 13.0d X Draconis 6.8 +66 6 <12 
X Camelop. 32.6 +74 56 10.27 RY Ophiuchi 11.6 + 3 40 11.0d 
R Aurigae 5 9.2 +53 28 10.3d W Lyrae 11.5 +36 388 10.87 
S Camelop. 30.2 +68 45 10.0d SV Herculis 22.3 +24 58 12.0d 
V Camelop. 49.4 +74 30 9.5d T Serpentis 23.9 + 6 14 12.2 
R Urs. Maj. 10 37.6 +69 18 12.2d RZ Herculis 32.7 +25 58 13.5d 
T Can. Ven.12 25.2 +32 38 10.07 X Ophiuchi 33.6 + 8 44 8.6 
T Urs. Maj. 31.8 +60 2 10.67 RYLyrae 41.2 +34 34 11.01 
RS Urs. Maj. 34.4 +59 2 <13 RW Lyrae 42.1 +43 32 12 
S Urs. Maj. 39.6 +61 38 8.6d Z Lyrae 56.0 +34 49 <12 
T Urs.Min. 13 32.6 +73 56 9.67 ST Sagittarii 55.9 —12 54 <12 
* R Can. Ven. 44.6 +40 2 90 RT Lyrae 57.8 -++37 22 11.617 
U Urs. Min. 14 15.1 +67 15 8.6d RAquilae 19 1648 5 600i 
S Bootis 19.5 +54 16 11.0d V Lyrae 3.2 +29 30 <12 
V Bootis 25.7 +39 18 11.0d RX Sagittarii 8.7 --18 59 13.0 
R Camelop. 25.1 +84 17 9.0d RW Sagittarii 8.1 —19 2 8.3 
R Bootis 32.8 +27 10 10.0d S Lyrae 9.1 +25 50 13.0 
RT Librae 15 0.8 —18 21 11.2d RS Lyrae 9.3 +33 15 13.0d 
T Librae 5.0 —19 38 <13 RU Lyrae Ol 61 8 113,03 
Y Librae 6.4 — 5 38 <13 U Draconis 9.9 +67 7 <12 
S Librae 15.6 —20 2 8.8: W Aquilae 10.0 — 7 18 <18 
S Serpentis 17.0 +14 40 8.87 T Sagittarii 10.5 —17 9 8.0 
S Coronae 17.3 +31 44 12.5d RY Sagittarii 10.0 —33 42 7.0 
RS Librae 18.5 —22 32 12.0d R Sagittarii 10.8 —19 29 8.07 
RU Librae 27.7 —14 59 140. 3S Sagittarii 13.6 —19 12 <13 
S Urs. Min. 33.4 +78 58 10.57 Z Sagittarii 13.8 —21 1 <i2 
R Coronae 44.4 +28 28 6.2; TZ Cygni 13.4 +50 9 9.61 
X Coronae 45.2 +36 35 9.51 U Lyrae 19 16.6 +37 42 9.0 
R Serpentis 46.1 +15 26 9.6d TY Cygni 29.8 +28 6 9.6a 
V Coronae 46.0 +39 52 11.7d RCygm 34.1 +49 58 7.57 
RR Librae 50.6 —t% 1 <12d RT Aquilae 33.3 +11 30 13.5 
Z Coronae 52.2 +29 32 10.07 RV Aquilae 35.9 + 9 42 14.0 
R Herculis 16 1.7 +18 38 13.07 RT Cygni 40.8 +48 32 831 
RR Herculis 1.5 +50 46 $0 TU Cygni 43.3 +48 49 11.6 
U Serpentis 2.55 +10 12 13.2d X Aquilae 465 + 413 <12 
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R Capricorni 
S Aquilae 

RU Aquilae 

W Capricorni 
Z Aquilae 

R Delphini 

RT Capricorni 
SX Cygni 

U Cygni 


Z Delphini 
ST Cygni 

Y Delphini 

S Delphini 

V Cygni 

Y Aquarii 

T Delphini 

V Aquarii 

W Aquarii 

U Capricorni 
V Delphini 
T Aquarii 
RZ Cygni 

X Delphini 

R Vulpeculae 


SY Androm. 
d 


Nov. 6 8 

' *U Cephei 
Nov. 5 3 

10 3 

ig 2 

20 2 

25 2 

30 1 


*Z Persei 
Nov. i i2 
‘ 


15 
13 18 
19 21 


95 )2 


“0 








Name. 
h 
x Cygni 19 
RR Aquilae 
RS Aquilae 
Z Cygni 
S Cygni 20 


RU Capricorni 


V Capric. 21 


R.A. Decl. 
1900. 1900. 
m 


46.7 +82 40 
52.4 2 11 
53.7 —8 9 
58.6 +49 46 
3.4 +57 42 
5.7 —14 34 
7.0 +15 19 
8.0 +12 42 
8.6 —22 17 
98 —6 27 
10.1 + 8 47 
11.3 —21 38 
11.6 +30 46 
16.5 +47 35 

7 —~23 .2 
28.1 +17 7 
29.9 +54 38 
36.9 +11 31 
38.5 +16 44 


38.1 +47 47 
39.3 — 5 12 
w.7 —16 2 
418 +2 4 
41.2 —4 27 
42.6 —15 9 
43.2 +18 58 
44.7 — & 31 
48.5 +46 59 
50.3 +17 16 


59.9 +23 26 
1.8 —24 19 


The letter i denotes that the light 
is decreasing; the sign - 


from 


Approximate Magnitudes of Variable Stars on 


Name. 


X Capricorn 21 


X Cephei 
RS Aquarii 


Z Capricorni 


R Equulei 

T Cephei 

RR Aquarii 
X Pegasi 

T Capricorni 
Y Capricorni 
S Cephei 
RR Pegasi 
V Pegasi 

U Aquarii 
RT Pegasi 
T Pegasi 
Y Pegasi 
RS Pegasi 
X Aquarii 
RT Aquarii 
S Lacertae 
R Lacertae 
S Aquarii 
RW Pegasi 


R Pegasi 2: 


V Cassiop. 
W Pegasi 
S Pegasi 
Z Cassiop. 
R Cassiop 


and Harvard Observatories 





RY Persei 


Nov 2 15 
12 


y 2 
16 9 
23 6 
30 2 


**RZ Cassi - 


Nov. 3 
7 '? 
10 23 
14 13 
18 3 
 ¢ aw & 
25 7 
28 21 





are given; 


9 
) 





Persei oe] 
1 12 Nov. 
6 19 
2 2 
7; 2 
2 16 
7 23 


RX Cephe 
21 16 
. “Al; gol 


noice bo 


~ 


—_ 


~) 


t 
b 


observations 


* every third 


—21 
+82 
— 4 
—16 
+12 
+68 
— 3 
+14 
—15 
—l4 
+78 
+24 
+ 5 
—17 
+34 
+12 
+13 
+14 
—21 
—22 
139 
+41 
—20 
+14 
+-10 
+-59 
2 


at the 


Minima of Variable Stars of the Algol Type. 


[Given to the nearest hour in Greenwich Mean Time beginning with noon 
Central Standard time subtract 6 hours, or for Eastern time subtract 5 hours, etc 
stars marked with an* alternate minima 
tenth minimum. ] 


Nov 


Nov. 





Sept.1, 1910—Con 


Decl. 
1900 
°o 


45 


40 
27 
35 


is increasing; the letter d, that the light 
, that the variable is fainter than the appended mag, 
nitude. The above magnitudes have been compiled by Mr. 
the Harvard College Observatory 
Olcott, Jacobs, 


Leon Campbell of 
Amherst- 


To reduce to 


minimum; Fe 


\ Tauri 


W7 








Variable Stars 





Minima of Variable Stars of the Algol Type.—Continued. 


*RV Persei 


d h 
Nov. 4 20 
8 19 
a2 17 
16 16 
20 15 
24 13 
28 12 
W Persei 
Nov. 12 14 
25 19 
RS — 
Nov. 2 
15 . 
27 12 


*RY Aurigae 
Nov. a 2s 


7 22 
13 8 
18 19 
24 6 
29 17 


* RZ Aurigz 
Nov. 5 10 


11 11 
As 6d 
23 12 
29 13 


*RW Gemin. 
Nov. 5B 2 


i to 
at 66 
23. «UV 
28 17 


*U Columbz 


Nov. 1 10 


7 O 
12 15 
18 5 
23 19 
29 10 


*RW Monoc. 


Nov. 4 14 


8 10 
12 6 
161 
19 20 
23 16 
ai (i 


RX Gemin. 
Nov. 7 10 


19 15 

**RU Monoc. 
Nov. 1 14 
4 7 

6 23 

9 16 

12 8 

15 1 

ia” £2 


**RU Monoc. 


h d 
Nov. 20 10 


238 2 
25 19 
28 11 
RY Geminorum 
Nov. 6 14 
16 2i 
25 4 
**R Canis —_ 
Nov. 2 
§ 2 
9 4 
12 14 
15 23 
19 9 
22 19 
26 5 


29 15 


*Y Camelop. 


Nov. 1 6 


7 20 
14 11 
21 2 
27 16 


RR Puppis 
Nov. 6 20 


13. 6 
19 16 
26 «63 


**V Puppis 
Nov. i 9 


5 18 
10 3 
14 11 
18 20 
23 «5 
27 14 


*X Carinze 
Nov. = ¢ 


8 15 

14 1 

19 11 

24 21 

30 7 

S Cancri 
Nov. 7 #9 
16 21 

26 9 


S Velorum 
Nov. 2 20 


8 19 
14 17 
20 16 
26 14 


**V Leonis 
Nov. 5S @1 


10 22 
15 23 
21 1 
26 2 


rr Velorum R Are 
h d 


RW tee, Maj. 
- 3 


18 19 


ee ll al 
Ole 160 


~) 
Buf: 


309 2 


 « 


oee 


to 
Cre Marta 


“SW Ophiuchi 


or) 


09 CO Olt a1 Oo 


Nw 
—1 G 


‘ 14 Nov. 5§ 8 

9 19 

17 14 #5 

6 18 15 

20 23 1 

*SS Carinae 27 11 


18 ed —— 


g Nov. 3 


»9 5 rs - 
eo 8 11 
- 10 24 
13 12 
16 1 
11 18 13 
: > a | 
3 23 14 
**Z Draconis 26 2 
N 2 28 15 
4 **SZ Herculis 
6 Nov. 1 2 
8 Ss 32 
9 5 23 
11 S$ i} 
13 10 22 
entauri, 13 8 
6 15 19 
5 18 6 
+ 2 17 
3 23 + 
2 25 15 
1 28 2 
re 30 13 
4 Z Herculis 
23. Nov. 3 16 
15 a 26 
7 11 16 
22 16 15 
14 19 15 
6 23 15 
*U Corone 27 (15 


3 *RS Sagittarii 
1 Nov. 1 14 


22 6 10 

20 il 6 

18 26 2 

20 22 
25 18 

: 30 14 
3 *V Serpentis 
, woe, ££ @ 
0 9 

ed 16 2 
c 

= 23 0 

— 29 22 

3 *RZ Draconis 
6 Nov. 2 20 
9 8 8 

12 13 20 

15 i9 9 

18 24 21 

23 30 9 


**RX Herculis 
d h 


3 4 
5 20 
8 12 
11 4 
13 20 
16 12 
19 4 
21, 20 
24 12 
27 5 
29 21 
*SX Sagittarii 
lov 4 14 
8 18 
i2 22 
17 1 
21 5 
25 9 
ae 632 


*RR Draconis 
Nov. 


3 

9 19 
15 11 
21 2 
26 19 


**U Scuti 


‘ 3 
4 16 
¢ 13 
10 10 
13. 6 
6G 3 
18 24 
21 21 
24 17 
27 14 
30 11 


*RX Draconis 


a 27 
a 4&2 
11 7 
15 2 
Ge 32 
22 16 
26 11 
30 6 
“RV Lyre 
+ 2 
11 7 
18 11 
25 16 


*U dhs a ue 


3 14 
10 9 
17 3 
23 21 


30 16 








re 
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Minima of Variable Stars of the Algol Ty pe.—Continued. 


Z Vulpeculz SW Cygni WwW Delphini RR Vulpectlae *RT Lacestae 
i h . ” q h 


b d h d I 
Nov. 1 3 Noy. 4 10 Nov. 5 9 Nov. 18 9 Nov. 22 10 
6 4 . - 10 4 23 10 27 12 
11 5 13 13 15 oO 28 11 
i¢ 7 18 3 19 19 Sede . “TT Androm. 
21 8 22 17 2415 = VV Cygninyy 3 8 
26 9 97 #7 29 10 Nov. 5 0O "  g 94 
‘ 9 10 ia 
SY Cygni Ser Nene RR Delphini 13 21 14 , ° 
No. 5 7 VWCygni now g¢ 2 is 7 19 22 
11 7 Nov. 2 23 7 16 20 17 = 
17 7 11 9 12 7 27 4 ~~ = 
23 7 19 19 16 20 
29 8 28 «6 94 11 UZ Cygni 21.1909 Andr. 
rte 26 2 Nov. 23 7 Nov. 2 23 
*WW Cygni *UW Cygni ss |... 1 @ 
Nov. 214 Nov. 3 6 . RT Lacertae 11 4 
8 5 10 4 RR Vulpeculae Noy. 2 3 15 7 
14 20 17 2 Nov. 3 5 7 5 19 10 . 
an at 23 23 8 6 i2 6 23 13 
29 3 30 21 13 7 ly § 8 27° i 





Maxima of Variable Stars of Short Period not of the Algol Type. 

Unless otherwise indicated the times of maxima only are given; and the times 
of minima may be found by subtracting the interval printed in parentheses under 
the names of the stars. 


SY Aurigae T Velorum R Crucis RZ Centauri R Triang. Austr. 
d h Pp d n ‘ A d h 
Nov. 2 21 Nov. 4 b Nov. 6 11 Nov. 16 9 Nov. 14 15 
13 00 8 16 12 7 17 7 18 0 
23 4 is 67 18 3 18 6 21 69 
RZ Geminorum 17 22 23 23 19 4+ 24 19 
Novy. 4 8 22 43 29 18 20 3 28.064 
9 20 27 5 Bemis = : Ss Triang. Austr. 
15 8 tan 4 12 pos a Nov. 5 16 
20 21 W Carine “"“" g 5 <2 2s 12 0 
26 9 Nov. 1 7 13 21 23 21 i8 8 
T Monoc. 5 16 18 14 2+ 20 24 16 
Nov. 3 20 10 1 02 6 25 18 30 23 
30 21 14 10 o7 an 26 17 S Norme 
11.19080rionis 18 19 en 27 15 Nov. 3 5 
Nov. 7 3 23 «4 RZ Centauri 28 14 12 23 
15 12 27 12 Nov. 1 9 29 12 22 i7 
2 63 a | 30 11 RV Scorpii 
30 15 § Geminorum 36 . WVirginis Noy, 2 14 
W Geminorum Nov. 11 1 4 4 Nov. 1 16 8 16 
Nov. 5 17 21 5 5 3 18 22 14 17 
13 15 6 1 V Centauri 20 19 
21 13 S Musee 7 0 Nov. 5 4 26 20 
39 14 Now, 2 23 7 22 10 16 RV Ophiuchi 
RU Camelop. 12 13 8 21 16 3 Nov. 3 7 
Nov. 2 11 22 «5 9 19 21 15 7 © 
24 18 10 18 zi 3 10 16 
V Carine T Crucis 11 16 RTriang.Austr. 14 9 
Nov. 7 14 #«=Nov. 4 3 12 15 Nov. 1 1 18 1 
14 7 10 20 13 13 4 1i1 21 is 
20 23 17 14 14 12 7 20 25 10 
27 16 24 8 15 19 11 5 29 3 
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Maxima of Variable Stars of Short Period not of the Algol Type.-Con. 


X Sagittarii « Pavonis S Sagittae VZ Cygni V Lacertae 
d h d oh d h d h d h 
Nov. 5 15 Nov. 8 6 Nov. 8 14 Nov. 2 4 #£=Nov. 2 i¢ 
12 15 | ae 16 23 7 #1 s 29 
19 15 26 10 25 «68 11 21 12 17 
26 15 W Aquile |X Vulpeculae 16 18 17 «16 
: are ; ~ Nov. 4 16 21 15 22 16 
_ YOphiuchi Nov. 2 6 10 23 26 12 27 15 
Nov. 7 19 a6 sy a i Y Lacertae . 
24 22 16 . 23 15 Nov 2 6 X Lacertae 
" 23 8 i=. 4oe.aeasa oo 4&4 « 
W Sagittarii ‘ 29 22 6 14 
° =~ © V Vulpeculae 10 22 9 14 
r. #& 9 ; eg: a 5 j 
Nov 11 28 WVulpecule yoy. 5 3 16 6 15 
<a we. 3 8 X Cygni 19 14 20 12 
- sé 11 7 12 22 23 21 25 22 
ae Be 19 7 29 7 28 5 SW Cassiop. 
Y Sagittarii 27 «(OCS T Vulpeculae 5Cephei Novy. 1 7 
Nov. 3 13 SWCygni Nov. 1 20 Nov. 2 16 6 17 
9 7 Nov 3 2 e a 12 4 
15 2 "6 99 10 17 13 10 17 24 
20 21 10 18 15 4 18 19 23 1 
26 15 14 15 “i i. rt h. 28 11 
2 29 12 eee 
W Sagittarii = ¥ 28 11 Z Lacertae - RS Cantieg. 
12 1% - eo Ce ae is 18 21 
19 11 ‘ 25 12 RR Lacertae Peleg 
% 4 7 Aquilae VY Cygni Nov. 3 4 25 4 
Nov. 6 8 Nov. 4 5 9 14 RY Cassiop. 
B Lyre 13 12 I 2 16 O Nov. 5 15 
Nov. 5 19 20 17 19 23 22 10 17 19 
Ss 47 27 21 27 19 28 20 29 22 * 





GENERAL NOTES. 





The Editor of PopuLar AstTRONOMY has been granted leave of absence for 
a year by the Trustees of Carleton College and is spending the year at the 
Lick Observatory where he is under appointment as Assistant. He will work 
on the regular program with the Mills Spectrograph upon the 36-inch 
Refractor, obtaining and measuring spectrograms for determining the radial 
velocities of stars. He will also do some work with the Crocker photographic 
telescope on the Herschel nebulous areas. 

During his absence the editor will keep in close touch with the management 
of the magazine but the details of the work must be left to the Assistant 
Editors. Dr. Ralph E. Wilson, who takes the Editors college work for the 
year, is the responsible manager of the magazine and is also acting Director 
of Goodsell Observatory. 





Owing to the necessity of publishing at once the article on “The Solar 
Conference’ and to its late arrival, we have been obliged to hold over to the 


November number the ‘‘Communications, Questions and Answers’ and some 
of the other notes which should properly be published in this number. We 
trust that those of our contributors, whose articles are held over, will feel 
that the information given with reference to that great gathering will more 
than repay them for the delay in the publication of their own articles. 
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Owing to an extraordinary sale, No’s. 156, June-July 1908; 161, January 
1910; 169, November 1910; 170, December 1910, are out of our files. Requests 
for these numbers have not been numerous enough to warrant the reprinting 
of any of the issues, but stilla number of our subscribers need them to com- 
plete their files of PopuLar Astronomy. If any of our readers, therefore, have 
made all the use they care to of these numbers, and care to dispose of them 
we should be very glad to buy them back at the rate of 30 cents a.copy. 





Photographs with the 60-inch Reflector.—Those who attended 
the Solar conference at Mount Wilson had the pleasure of seeing a number of 
exquisite photographs of the most familiar star clusters and nebula, taken 
by Professor G. W. Ritchey with the 60-inch silver-on-glass reflector. This 
instrument is the result of Mr. Ritcheys’ own skill in designing and construc- 
tion and is the most perfect of its kind in existence. The photographs are 
marvels of perfection although taken ona small scale and enlarged much more 
than ordinary photographs will bear. The great light gathering power of the 
instrument permits the use of slow plates without undue lengthening of the 
exposure and, as slow plates are much finer grained than the extra rapid 
plates ordinarily used for celestial photography, the negatives stand much 
longer magnification without making the grain obtrusive to the eyes. A pho- 
tograph of the Ring Nebula in Lyra, taken upon a Seed Process plate, with 
an exposure of 30 minutes has been enlarged to 16.5 diameters without ren- 
dering the grain of the plate especially noticeable. 

Mr. Ritchey has designed a new double slide plate-carrier with which he 
can-not only use two guiding stars, one on each side of the plateholder, but 
he can actually take the plateholder off and refocus by the knife-edge method 
as often as he pleases during a long exposure, replacing the plateholder with 
confidence that the star images will fall on the samme spots as before. It is 
his practice to refocus at least every half hour, the instrument being very 
sensitive as all great and powerful instruments are, to changes of temperature. 

The following is a list of enlarged photographs which the writer jotted 
down while examining them in the observatory museum. Excellent reproduc- 
tions of a few of them have been published in the July 1910 number of the 
Astroyhysical Journal. 


Object. a 1900 61900 exposure 
h mis ; h m 
Andromeda Nebula, Central part O 37 17 40 43 2 
Spiral Nebula in Triangulum, M. B. : 26s i 39 «9 8 30 
Merope Nebula in the Pleiades - 3 41 + 24 5 
Maia Nebula “ “ ve iy cs 5 
Orion Nebula, central, part 5 30 —5 O 45 
Nebula in Ursa Major, Messier 81 9 47 18 +69 32 4 15 
Owl Nebula, Messier 97 11 9 O +55 34 4 
Nebula in Coma Berenices, Hv, 24 12 31 24 + 26 32 5 
Spiral Nebula in Coma Berenices M.64 12 51 49 +22 14 7 56 
Spiral Nebula in Canes Venat. M €3 13 11 20 42 34 5 
Great Spiral Nebula, Messier 51 13 25 39 -47 43 10 45 
Cluster in Canes Venat., M.3 13 37 5 + 28 5% 4 
Spiral Nebula in Ursa Major, M.101 13 59 39 54 50 7 30 
Herculis Cluster, Messier 13 16 38 6 +36 39 11 
Trifid Nebula in Sagittarius 17 55 43 238 32 3 36 
Ring Nebula in Lyra 18 49 53 32 54 O 45 
Dumbbell Nebula in Vulpecula 19 656 17 22 27 5 
Network Nebula in Cygnus 6 30 


Network Nebula in Cygnus sa . 10 15 
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Articles on the making of Reflectors.—It is with great pleasure 
that we are able to announce that in the near future a series of short articles 
will be written for PopuLtar Astronomy by Professor G. W. Ritchey of the 
Mount Wilson Solar Observatory, on the making of reflecting telescopes. 
Mr. Ritchey has made two of the most successful reflectors now in use, the 
two-foot at Yerkes Observatory and the five-foot at Mount Wilson and is 
now working on the plans for a 100-inch reflector for the Solar Observatory. 





Mount Wilson Solar Observatory of the Carnegie Institution 
of Washington.—The following data in regard to the Mount Wilson Solar 
Observatory are taken from the program of the International Conference, 
which was held at Mount Wilson Aug. 29 to Sept. 3. Our readers will be in- 
terested in this concise statement of the equipment and work of the most 
unique observatory in the world 

The Mount Wilson Solar Observatory was established as a department of 
the Carnegie Institution of Washington by vote of the Trustees at the an- 
nual meeting in Decemiber, 1904. 

INSTRUMENTAL EQUIPMENT 
Ox Mount WILSON 
Sixty-inch Reflecting Telescope, with a primary focus of 25 feet and 


«< 


mirror 
combinations giving equivalent foci of 80, 100, and 150 feet. Accessories: 
Plate holders for 312x3\%, 4x5, 5x7, and 612x81%-inch plates for direct pho- 
tography; focal-plane stellar spectrograph of 15 inches focus; 18-foot stellar 
spectrograph; 3-prism stellar spectrograph of 40 inches focus; (now in 
Pasadena). 

The Snow Horizontal Telescope, with mirror of 24 inches aperture and a 
focal length of 60 feet. Accessories: 18-foot solar spectrograph, 5-foot 
spectroheliograph, and focal-plane shutter for direct photography of 
the Sun. 

Tower Telescope, with objective of 12 inches aperture and 60 feet focal length. 
Accessories: 30-foot solar spectrograph for the study of sun-spot spectra, 
spectrum of the chromosphere and center and limb and the investigation 
of the solar rotation, etc; 30-foot spectroheliograph. 

Tower Telescope, with objective of 12 inches aperture and 150 feet focal 
length (aperture may ultimately be increased to 24 inches), giving solar 
image 17 inches in diameter. Additional objectives of 60 and 30 feet focal 
length, respectively, are also provided to give smaller solar images. 
Accessories: Combined spectrograph and spectroheliograph of 30 or 75 
feet focus (now under construction in the Pasadena shops), to be provided 
with prisms and gratings giving a wide range of dispersion. This instru- 
ment will be completely equipped with polarizing apparatus for the study 
of magnetic fields in sun-spots, and with apparatus for photography of 
the spectrum of the chromosphere and center and limb and for the study 
of the solar rotation. 


IN PASADENA 
The Physical Laboratory, containing vertical Littrow spectrograph of 13 or 
30 feet focus, quartz spectrograph of 32 inches focus, wave-length spectro- 
scope, 33-plate echelon spectroscope, Michelson and Perot-Fabry interfer- 
ometers, Wanner pyrometer, large electric furnace adapted for pressure 
work, Mvissan furnace, large DuBois electromagnet, air compressor, in- 
duction coil giving 16-inch spark, and direct current motor-generators 
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and transformers aftording a wide range of voltage and currant. 

The Machine, Instrument, and Optical Shops, containing a complete equip- 
ment of wood, machine, and instrument tools, and grinding machines 
for the figuring of lenses and mirrors up to 100 inches in diameter. 

Miscellaneous Instrumental Equipment, including the heliomicrometer, stereo- 
comparator, spectrocomparator, microphometer, a variety of comparators 
for the measurement of spectra, and a quantity of minor apparatus 


INVESTIGATIONS IN PROGRESS OR RECENTLY COMPLETED 
WITH THE SNOW AND TOWER TELESCOPES 


Daily direct photographs of the Sun, spectroheliograms in calcium and 
hydrogen light. and special spectroheliograms with high dispersion, for 
the general investigation and classification of the flocculi and prominences, 
including structure at different levels, effect of absorption, possible influence 
of anomalous refraction, and relationship to sun-spot.—Messrs. HALE 
and ELLERMAN. 

Law of solar rotation as determined by the motions of the hydrogen and 
calcium flocculi—Merssrs HALE and ELLERMAN. 

Daily areas of calcium flocculi, and comparison with records of terrestrial 
magnetism.—MEssrs. HALE and ELLERMAN, in coOperation with Dr. BAUER. 

A general investigation of solar magnetism including determinations of 
polarity and field strength for various elements and at different levels 
within and outside of sun-spots, inclination of axis of the electric vortex 
rotation of plane of polarization by spot vapors relationship of polarity 
to structure of hydrogen and calcium flocculii—Messrs. HALE, ELLERMAN 
and BaBcock. 

A general investigation of sun-spot spectra, including wave-lengths and origin 
of spot lines, cause of weakened and strengthened lines, etc.—MeEssrs. 
HALE and ADAMS. 

Photographic investigation of the spectrum of the chromosphere, including 
wave-lengths and origin of bright lines, cause of displacements, etc.— 
Messrs. HALE and ADAMS. 

Absolute wave-lengths of the H and K lines.—Mr. Sr. JOHN. 

General circulation of the solar calcium vapor as indicated by the displace- 
ments of the H and K lines.—Mr. Sr. JOHN. 

Spectroscopic study of the motions of vapors in sun-spots.—MrR. St. JoHN. 

Spectroscopic investigation of the rotation of the Sun as determined by the 
displacements of lines of different elements.—Mr. ADAMs. 

Comparison of the spectra of the center and limb of the Sun.—Mr. Apbams. 

WITH THE SIXTY-INCH REFLECTOR 

Direct Photography: 

Of nebulae and star clusters.—Mr. RITCHEY. 

Of the Kapteyn Selected Areas.—Mr. Fatu. 

Investigations in photographic photometry.—MR. SEAREs. 
Spectroscopic Investigations: 

Of nebule and star clusters.—Mr. Fatu. 

Uf bright stars under very high dispersion.—Messrs. HALE, ADAMs and 

BaBCOCK. 

Radial Velocity investigations of faint stars with low dispersion, includ- 

ing parallax stars and Orion type stars.—Messrs. ADAMS AND BaBCOCK. 
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IN THE PHysICAL LABORATORY 


Electric Furnace investigations of the effect of varying temperature on 
spectra.—Mr. KING. 


General work on arc and spark spectra under a great variety of physical 
conditions.—Mr. KInc. 

Complete study of the Zeeman effect through a large range of wave-lengths 
for various spectra, and tests for polarization, etc., for special spectrum 
lines.—MeEssrks. KiNG and Bascock. 

Study of the effect of pressure on spark spectra, with special reference to 
enhanced lines.—Mr. GALE. 

MISCELLANEOUS INVESTIGATIONS 

On the absorption of light in space.—Mr. KApreyn. 

Stdtistical investigations relating to stellar evolution.—Mr. Kapreyn. 

Study of special groups of star streams.—Mk. KaAPTEYN. 





The Heis-Krueger Observations of Variable Stars.—The receipt 
of the volume of observations of variable stars by the late Eduard Heis and 
Adalbert Kriiger, which we owe to the patient and painstaking care of Fr. 
J. G. Hagen, now of the Vatican Observatory, and his assistants Frs. E. 
Goetz and R. Martin of the Georgetown Observatory, calls our attention to 
the regrettable infrequency with which such valuable material comes within 
the reach of the private observer. In my own case, for instance, the observa- 
tions of Argelander, published in Vol. 7 of the Bonn Observations, those of 
Knott, published since his death, those of Plassmann, who is setting the good 
example of publishing his own observations during his life time, with a few 
single series by the Baxendells, Gore, Sawyer and one or two others constitute 
the entire accumulation of twenty-three years of constant work in this line. 

The present volume comes from the press of Felix L. Dames of Berlin, and 
forms a book of 220 pages. Heis’s observations number nearly seven thou- 
sand, distributed among some thirty stars, and those of Kriiger about fifteen 
hundred, on about thirty-six stars: the work of Heis covers a period of 
thirty-seven years, from 1840 to 1877, and Kriiger’s of thirty-nine years, 
from 1853 to 1892. In both collections there are series of special value, as 
affording information on a number of stars which attract few observers, such 
as a Cassiopeiae, ¢ Aurigae and 8 Pegasi. The series of o Ceti, Algol, ¢ Gem- 
inorum, 8 Lyrae, 7 Aquilae and 6 Cephei by Heiss are alone almost invaluable, 
and among the Kriiger series those of Algol and S Cancri will be especially 
useful to those who shall study the laws of the variation of these two stars. 

The work of editing has been very carefully done; each series is preceded 
by an introduction giving a list of the comparison-stars, with magnitudes 
and light-scale, and notes conveying all necessary information; in the Heis collec- 
tion; all the observations have been reduced to the light values, both the single 
comparisons and the mean light values being given in each instance, which, 
where the mass of material is so great, involves an outlay of time and pa- 
tience only to be rightly appreciated by those who have become familiar 
with such work from long practice. If we add to this the fact that when a 
long time has elapsed since they were made, the preparation of such notes, 
even of one’s own, often presents considerable and vexatious difficulties in 
their correct interpretation, we shall begin to appreciate the vast labor of 
love lavished on them in preparing them for publication, and our debt of grati- 
tude to Fr. Hagen and his colaborers will be felt to be correspondingly great 
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Perhaps the consideration most strongly impressed by these facts upon 
the astronomer engaged in this work is the importance of putting his observa- 
tions into shape for publication during his lifetime; no one can do this so well 
as himself, as his memory alone can supply the meaning of the often recurring 
obscure references and notes which are found in such records. 

So for as this writer knows, only Argelander and Plassman have done this. 
Many others have published results, but not the records from which they 
were drawn, and an immense mass of material of inestimable value remains 
inaccessible to the great majority of later observers. 

To the writer’s knowledge there exist a number of collections of records 
of variable star observations, some of them by acknowledged masters in this 
field of work, which, unfortunately have but an infinitesimal chance of ever 
being placed at the disposal of other workers. Appropriations and bequests 
for the purpose of immense and proportionately less valuable telescopes, and 
for the equipment of magnificent and costly observatories are comparatively 
frequent and easy to obtain; but it is always difficult to procure funds for 
the publication and competent persons to undertake the preparation of incon- 
spicuous and little known work such as this. 

The writer himself, at the strong instance of several workers of high stand- 
ing in this field, is now beginning to put in form his observations of the past 
twenty-three years, and hopes to live to finish the work; but it is an immense 
labor, especially to one who can devote but a small portion of his time to it, 
only to give a copy of the simple records, with such concise introductions 
and explanations as are absolutely necessary accompanying the individual 
series; and he feels constrained, much as he would wish to add reductions, if 
only to the light-scales, to limit himself to this. 

Dorchester, 1910, September 3. 
PauL S. YENDELL. 





A Blue South Polar Cap on Saturn.—While at the Solar Confer- 
ence at Mt. Wilson a number of the visiting astronomers had the privilege 
of viewing the planet Saturn through the 60-inch reflector. The instrument 
was arranged so that the equivalent length was 100 feet and the eyepiece 
employed gave a magnifying power of about 600 diameters. One of the first 
to look, Professor Fox, Director of Dearborn Observatory, called attention to 
the blueness of the South pole of the planet. Closer scrutiny revealed a very 
definite polar cap Jike that of Mars, only the color was blue. I believe Pro- 
fessor Barnard called it Robins Egg blue. The seeing was excellent and the 
cap was very definite in outline and bounded by a belt of yellowish color. 
This belt in turn was very definitely bounded on the north by a blue line 
which shaded off into a broad belt of extremely pale blue. Between that and 
the equator were two more broad belts, not so well defined, of brownish 
purple color, and at the equator a belt with a decided yellow tint. The rings 
stood in bold relief, the crape ring being of a dark grey color and the globe 
of the planet could be plainly seen through it. The Cassini division was sharp 
and clean cut all the way around the ring but the Encke division appeared 
only as a delicate shading at the ansae. On returning to Lick Observatory, 
the writer at the first opportunity looked up Saturn with the 36-inch refractor 
and was able to see the same cap and belts, but the colors were less distinct 
because of the chromatic aberration of the lens. The polar cap might easily 
be overlooked. 





The International Conference of 1909 on the Photographic 
Chart of the Sky.—The proceedings of this conference, held in Paris in 
April 1909, have been published in a large quarto volume, by the Institute de 
France. Twenty-six members of the Permanent International Committee and 
forty-nine invited members were present. The verbal proceedings of the general 
sessions and those of the five special committees are given in full. Reports 
from the various observatories coéperating in the production of the chart of 
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the heavens show that the photographic plates have near -ained 
and that their measurement is well under way. The determination of the 
Solar Parallax undertaken by Mr. Arthur R. Hinks, from the photographs of 
Eros, has been completed and gives as the definitive result 
x = 8.807 + 0.0028 

A curious result pointed out by Mr Hinks is that, from the measures where 
the comparison stars were brighter than the planet, the parallax comes out 
smaller, while from those measures made from comparison stars fainter than 
the planet, it comes out larger than the mean, showing that magnitude equa- 
tion is not wholly eliminated by the photographic process. 

Incidentally there has resulted from the Eros photographs a catalogue of 
high precision of about 6000 stars, which will be published in the Bulletin 
of the Permanent Committee. 

In order to prepare for the close opposition of Eros in 1931, a rough 
ephemeris for 1931 is to be computed at once so that the list of comparison 
stars along its path may be selected and their places and proper motions de- 
termined accurately years before. Dr. Strémgren of Copenhagen will compute 
this ephemeris and also accurate ephemerides for all the oppositions of Eros 
up to and including that of 1931. 





Corrections to Star Catalogues.—A very valuable publication has 
recently been issued by the Astronomische Nachrichten, which gives lists of 
corrections to all of the star catalogues of the 18th and 19th centuries. 
These lists have been compiled by Mr. F. Ristenpart and checked carefully by 
comparison of different catalogues containing the same stars and by reference 
to the original data at the various observatories. It forms a volume of 509 
quarto pages. The title is ’*Fehlerverzeichniss zu den Sterncatalogen des 18 
und 19 Jahrhunderts’’ voa F. Ristenpart, Kiel, 1909. 





Annals of the Toulouse Observatory.—Tome VI of the Annals of 
the Toulouse Observatory, issued in 1910, is a quarto volume of 388 pages 
and contains the results of sunspot observations made at Toulouse during 
the vears 1879 to 1887 by several observers, with detailed discussion of the 
movements of 681 spots by Mr. L. Montangeraud. 





Annals of the Nice Observatory.—Tome XII of the Annals of the 
Observatory at Nice, issued in 1910, contains the results of Meridian circle 
observations made in the years 1893 to 1898 and miscellaneous observations 
of the planets and comets up to 1907. 





Errata.—No. 196 June-July. page 356. p31 The declination 
be — 3° 45’ 

p 33. The comparison star should be in zone 7° instead of 11° 

p 34. The aperture of Professor Fox’s telescope is 18% in. instead of 1814 

No. 177 August-September, page 428. The dates in the title to the cut 
should read May 16, 17 and 19. 

page 429. The title to the cut should read, ‘‘The Tail of Halley’s Comet, 
May 18, as sketched by Rev. Joel. H. Metcalf.’’ 

page 443. In the article on a ‘New Form of Reflecting Telescope’’ the 
following diagram should be inserted. 


should 


























